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SUPPORT ARMASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to and claims priority from U.S. 
provisional Pat. Applin. No. 60/687,061 which was filed on 
Jun. 3, 2005 and which has the title “Support Arm Assembly.” 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

Not applicable. 

BACKGROUND OF THE INVENTION 

The present invention relates to Support arms and more 
specifically to multi-position adjustable Support arms for Sup 
porting electronic devices such as flat panel electronic display 
screens or the like. 
Most work stations, lap tops, etc., include Some type of 

display screen for displaying information for viewing. Early 
workstations included relatively bulky cathode ray tube 
(CRT) type displays that typically had box type forms to 
accommodate a tube required to create display images. While 
CRTs were useful for displaying information, such displays 
had several shortcomings. First, because of their large size, 
CRTs required a large amount of worktop space. CRT space 
requirements are especially problematic in relatively small 
partitioned personal spaces where workstation users often 
have a minimal amount of worktop space. 

Second, CRTs are not ergonomically friendly. To this end, 
it has been known for a long time in the furniture industry that 
people are most comfortable when Supporting furniture can 
be at least somewhat customized to fit specific body charac 
teristics. For instance, most office chairs now include height 
adjustable seat mechanisms that, as the label implies, allow 
seat height to be raised and lowered by a user so that an 
optimal height for Supporting a specific user can be config 
ured. As another instance, many office chairs include height 
adjustable arm Supports that, like the adjustable seats, facili 
tate raising and lowering of arm Supports to optimally support 
different chair users. 

In addition, it has been known for a long time in the furni 
ture industry that, even where only one person uses a piece of 
furniture, comfort over extended periods can be increased 
appreciably if the furniture is adjustable to support the user in 
several different positions. To this end, anyone that has had to 
sit in an airline seat during an extended flight knows first hand 
that, while the seat may initially seem comfortable, by the end 
of a several hour flight, despite ability to change position to a 
limited degree, stiffness and even pain often result. 

In the case of a display Screen, to accommodate physical 
differences between users (e.g., at a receptionist desk, at a 
ticket counter, etc.) and indeed the same user over an 
extended period, a display screen should be moveable in 
many different ways so that the relative position of a screen 
Surface to a user's eyes is optimally adjustable. In this regard, 
optimally, display screen position should be changeable ver 
tically (i.e., up and down), laterally (i.e., left and right) about 
a vertical axis (i.e., so that a vertical lateral edge can be moved 
forward or rearward while the opposite lateral edge moves 
rearward and forward, respectively)), about a first horizontal 
axis parallel to the display screen Surface (i.e., so that the top 
edge of the screen surface can tip forward or rearward while 
the lower edge tips rearward or forward, respectively), along 
a depth dimension (i.e., the screen can be moved forward or 
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2 
rearward) and about a second horizontal axis perpendicular to 
the display screen Surface (i.e., so that a first edge of the 
display screen that is initially a top horizontal edge can be 
rotated into a vertical lateral edge orientation—i.e., enabling 
either landscape or portrait viewing). 

In the case of CRTs, the size and related weight of a typical 
CRT has made it difficult to cost effectively support a CRT for 
optimal movement. For instance, while some CRTs are Sup 
ported for rotation about a vertical axis and/or tipping about a 
horizontal axis, in most cases CRTs are not Supported to 
enable the full compliment of optimal adjustability. Where 
CRTs are supported to facilitate a subset of optimal move 
ment, there is no known Support structure that facilitates the 
full compliment of movement (e.g., no support structure 
facilitates rotation about the second horizontal axis perpen 
dicular to the display surface). In addition, where CRTs are 
Supported to facilitate a Subset of optimal movement, the 
structure required is usually relatively bulky, complex, expen 
sive to configure and, in many cases, is not believed to work 
very well. 

With respect to functionality, a CRT support structure 
works well if the structure allows smooth and minimal effort 
transitions of the CRT between different positions and if the 
CRT remains in a set position after the CRT is released. 
Hereinafter the phrase “position maintenance' will be used to 
refer to the notion of a display screen remaining in a set 
position after release (i.e., position performance is a measure 
of how well a screen remains in a set position after release). In 
the case of known CRT support structure, it is believed that 
the structure may not operate smoothly, with minimal effort 
and/or may not exhibit acceptable position maintenance. 

Third, known support structure for CRTs often is config 
ured to Support a single CRT type having known dimensions 
and weight and therefore cannot be used with other CRT 
types. In fact, in many cases adjustable Support structure is 
built right into a CRT base and cannot be used to support 
another CRT when, for instance, a user decides to upgrade to 
a new CRT including a larger or more vivid Screen. 

Fourth, where support assemblies have been configured 
that can be used with CRTs having different dimensions and 
weights, the structure required to secure a CRT to the support 
assembly has usually required many components and the 
mounting task has typically included many steps and required 
excessive time to accomplish. Here, because of the cost asso 
ciated with such structures, often office administrators opt to 
forego the advantages associated with Such systems and, 
because of the costs (i.e., time, hassle) associated with 
upgrading to better displays, administrators opt to forego 
advantages associated with display upgrades. 

Fifth, even where a CRT is supported by a structure that 
enables many relative display positions, such structures usu 
ally do not allow the CRT to be effectively removed from the 
space above a work Surface so that essentially the entire work 
Surface is useable for other purposes. For instance, in the case 
of a partitioned personal space, the rear edges of work Sur 
faces are typically up against partition walls so that the CRT 
position is always somewhere above and obstructing the work 
Surface. 

In the last few years new technologies have evolved that 
have enabled configuration of flat or thin panel type monitors. 
For instance, liquid crystal displays (LCDS) and plasma dis 
plays have been developed that have relatively narrow depth 
dimensions (e.g., on the order to 1 to 2 inches). Hereinafter, 
the phrase “flat panel display' will be used generally to refer 
to any type of flat or thin panel including but not limited to 
LCDs, plasma displays, etc. In addition to being thinner along 
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the depth dimension, flat panel displays are typically lighter 
weight that CRTs having the same viewing screen size. 

Support arm structure for flat panels has been developed 
that overcomes many of the problems described above with 
respect to CRT Support structure. For instance, arm structure 
has been developed for Supporting flat panel displays so that 
the displays can be moved into any of the optimal orienta 
tions. In addition, Support structure has been developed that 
allows flat panel display screens to be moved essentially up 
against wall structure adjacent a work Surface so that the 
screens are out of the way of a work surface user. Moreover, 
Support structure has been developed that allows a user to 
quickly release a flat panel display for removal or replace 
ment and for Supporting universal type mounting of different 
types of flat panel display screens. Furthermore, Support 
structure has been developed that can be adjusted to counter 
balance different weights of various flat panel displays that 
may be used with the Support structure. 

While the new support arm structures for flat panel displays 
overcome many of the problems associated with CRT type 
Support structures, even these new structures have several 
shortcomings. First, in many cases it is believed that these 
new structures will not operate in a smooth fashion with 
minimal effort and may not exhibit good position mainte 
nance. For instance, in many cases first and second compo 
nents linked to enable rotation of a flat panel display Screen 
about a horizontal axis that is parallel to the display Screen 
surface will be linked by a pin or bushing where frictional 
force between the two components is relied upon to maintain 
a set position. Here, where the frictional force is sufficient to 
maintain a set position (i.e., to facilitate good position main 
tenance), when the position is to be altered, often a large force 
has to be applied to start the movement such that the screen 
position will shoot past an intended or target position and 
another adjustment is required to compensate for the over 
shoot. Thus, in these cases movement is not Smooth, effort to 
change positions is not minimal and, in Some cases, position 
maintenance is not good or may deteriorate over time (e.g., 
during repeated use, pin/bushing friction may decrease). 

Second, some flat panel Support assemblies include com 
ponents that, while enabling a full compliment of optimal 
screen movements, require multiple machinations to change 
screen position. For instance, to facilitate Smooth and mini 
mal effort movement and position maintenance, Some assem 
blies include components that can be tightened and loosened 
to maintain relative positions and to allow position changes. 
For instance, in the case of first and second components 
linked to facilitate rotation of a screen about a horizontal axis 
parallel to a display screen Surface, a tightening screw or the 
like may be provided to adjust the friction between the first 
and second components, the screw tightened to increase fric 
tion and maintain relative positions and loosened to decrease 
friction and allow position changes. 

Here, to change Screen position about the horizontal axis, a 
user has to loosen the tightening screw, adjust screen position 
and then tighten the screw again. During this process, the user 
will typically need to access the space behind the screen to 
loosen and tighten the screw and therefore will not be in a 
normal screen using position (i.e., in front of the screen). 
Thus, after adjustment and when the user is positioned in the 
normal using position, the user may find that the new position 
is not optimal and may have to re-perform the adjusting 
process (i.e., loosening, movement and tightening). While 
this process may not appear burdensome at first blush, when 
the process is repeated several times a day which is necessary 
to constantly have the display in an optimal position, the 
machinations required to change position become extremely 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
burdensome. Moreover, where a support structure includes 
several tightening screws or other friction adjusting compo 
nents for increasing position maintenance forces, the task of 
optimally adjusting position is exacerbated. 

Third, while at least some flat panel display Support assem 
blies include mechanical configurations that enable quick 
release of the display from the support assembly for attach 
ment/removal and/or replacement, known mechanical con 
figurations are relatively clumsy to use. For instance, known 
configurations may require a user to unscrew one or several 
small screws that are located in the space to the rear of the 
display screen prior to removal of the display from the Sup 
port assembly. In other known cases two separate leafsprings 
have to be simultaneously pressed to unlock a display Screen 
from a Support assembly where the leaf springs are arranged 
in a non-ergonomic position with respect to the display. For 
instance, in Some cases the ends of two leaf springs extend 
upward and therefore require a user to reach over a top edge 
of a display Screen which makes it awkward to Support the 
display while compressing the leaf springs to decouple the 
display from the Support. 

Fourth, in known cases where Support assemblies allow 
adjustment of a counterbalancing force so that a single assem 
bly can accommodate display screens having different 
weights, the adjusting interfaces typically are difficult to 
access and/or require special tools (i.e., a screw driver, a 
wrench, etc.). 

Fifth, in the case of known flat panel support assemblies, 
there is no “secondary movement” that occurs when one 
component is moved with respect to another that aids in 
optimal display screen placement. In this regard, the phrase 
“secondary movement” is used to refer to mechanical move 
ment that occurs as a result of Some other movement caused 
by an assembly user. For instance, when a display screen is to 
be tipped so that atophorizontal edge and a bottom horizontal 
edge tip forward and rearward, respectively, assuming a 
user's eye's remain at a constant height and that the user will 
want to maintain a line of sight perpendicular to the display 
screen Surface, an automatic secondary movement may cause 
the display screen to move slightly upward so that the Screen 
rotates generally about the user's eye level. Similarly, when a 
display Screen is to be tipped so that a top horizontal edge and 
a bottom horizontal edge tip rearward and forward, respec 
tively, assuming a user's eye's remain at a constant height and 
that the user will want to maintain a line of sight perpendicu 
lar to the display Screen Surface, an automatic secondary 
movement may cause the display Screen to move slightly 
downward so that the screen rotates generally about the user's 
eye level. Known Support arms do not automatically facilitate 
secondary movements. 

Sixth, known flat panel display Support assemblies often 
have designs that are not versatile so that the assemblies can 
only be used in one fashion. For instance, at least some 
Support assemblies include lower and upper Support arm Sub 
assemblies and a pan tilt Subassembly where the lower assem 
bly includes a four bar linkage that facilitates height adjust 
ment generally, the upper arm Subassembly is simply an 
extension member that does not facilitate height adjustment, 
the pan tilt Subassembly is mounted to the upper arm Subas 
sembly, the upper arm subassembly is mounted to the lower 
arm Subassembly and each configuration requires each of the 
upper, lower and pan tilt Subassemblies. Here, for instance, 
the pan tilt subassembly cannot be mounted directly to the 
lower arm Subassembly and the pan tilt and upper arm Sub 
assemblies cannot be used without the lower arm Subassem 
bly to provide different configurations that may be desirable 
under certain circumstances. 
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Seventh, in order to provide an arm assembly that has a 
quality feel during operation, components have to fit together 
with minimal slop. For instance, where a first arm member 
includes a post received in a cylindrical cavity formed by a 
secondarm memberto facilitate relative movement of the first 
and second arm members about a common axis, the external 
surface of the post has to precisely mirror the internal surface 
of the cavity to facilitate a quality feel during rotation. Here, 
precise machining requirements appreciably increase arm 
component cost. 

Eighth, where arm assemblies include a counterbalancing 
spring mechanism, typically the spring mechanism is juxta 
posed between other arm assembly components which makes 
it difficult at best to access the spring mechanism. Here, 
spring mechanism access may be desirable for maintenance 
purposes or, in at least Some cases, so that springs having 
different characteristics can be installed (e.g., spring charac 
teristics may be different depending on weight of the Screen 
supported thereby). 

Thus, it would be advantageous to have a flat panel display 
Support assembly that operates Smoothly and with minimal 
effort and that exhibits good position maintenance. In addi 
tion, it would be advantageous to have a Support structure of 
the above kind that allows quick and ergonomically optimal 
release of a flat panel display screen from the structure and 
that could be used in any of several different advantageous 
configurations. Moreover, it would be advantageous to have a 
Support structure of the above kind that causes optimal sec 
ondary movement in at least Some cases and that is designed 
to be easily maintained and relatively inexpensive to manu 
facture. 

BRIEF SUMMARY OF THE INVENTION 

It has been recognized that several features can be included 
in a monitor Support arm assembly that result in a better 
overall design. To this end, a versatile and flexible arm con 
figuration can be provided by providing several different sub 
assemblies to configure an arm assembly where different 
Subsets of the Subassemblies can be selected depending on the 
specific needs of an application. Here, a small number of 
standardized coupling structures can be provided on each 
Subassembly for linking together different arm Subassem 
blies. 

It has also been recognized that a four bar subassembly 
including a counterbalancing gas spring to facilitate a vertical 
range of motion can be configured where the spring is easily 
accessible for maintenance and replacement. Here, in at least 
Some cases, easy access is facilitated by configuring the four 
bar mechanism with at least one, and in at least Some cases 
two, open lateral sides. In at least some cases covers are 
provided for the open sides. 

In addition, it has been recognized that two four bar sub 
assemblies can be cobbled together in at least some embodi 
ments where a vertical pivot is provided between the four bar 
Subassemblies to facilitate particularly advantageous display 
moVement. 

Moreover, it has been recognized that a quick release dis 
play mounting assembly can be configured that is relatively 
more ergonomic than known monitor release configurations. 
To this end, in at least Some cases, a single leaf spring type 
mechanism is provided to latch a second mount member to a 
first mount member where a distal end of the leaf spring 
extends a toward an edge of the display. In at least some cases 
the distal spring end extends downward toward a lower edge 
of the rear surface of the display. Here, to release the display 
from the arm, a user can cradle the lower part of the display 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
with a hand or arm while reaching upward to the spring to 
release which is a more ergonomic action than the activity 
required to activate other known release mechanisms. 

Furthermore, it has been recognized that overall assembly 
costs can be reduced by providing compensating compo 
nents. To this end, in at least some embodiments, uniquely 
featured bushings are provided that compensate for imperfec 
tions in other coupling components. Specifically, frusto-coni 
cal and ribbed bushings are provided where the ribs are 
deformable when compressed. A uniquely featured bushing is 
placed between facing Surfaces of a cavity and a post where 
force between the cavity and post compress and deform the 
ribs to an extent that the bushing compensates for imperfec 
tions in the dimensions of the coupling cavity and post. 

In addition, it has been recognized that a four bar assembly 
can be provided as part of a pan tilt assembly Such that when 
a display is tilted, the tilting action results in a secondary 
upward or downward movement of the display such that the 
display rotates about a horizontal axis that is generally in front 
ofa rear surface of the display. This rotating action is believed 
to be more ergonomically correct than tilting action that 
occurs with other known pan tilt assemblies. To accomplish 
this dual movement tilting action, the tilting four bar assem 
bly includes links where distal ends are closer together than 
proximate ends. 

Consistent with the above, at least some inventive embodi 
ments include an apparatus for linking a device at a distal end 
of a Support structure where the device includes a surface and 
the Surface includes at least one edge, the apparatus compris 
ing a first coupler Supported by one of the distal end and the 
device Surface, the first coupler including a first bearing Sur 
face, a second coupler supported by the other of the distal end 
and the device Surface, the second coupler forming a second 
bearing Surface arranged to bear against at least portion of the 
first bearing surface when the device is supported by the 
Support structure, one of the first and second couplers includ 
ing a latch Surface; and a single latch member including a first 
end linked to the other of the first and second couplers, a 
second end that extends from the first end and a central 
portion between the first and second ends, wherein, when the 
device is Supported by the Support structure and the second 
bearing Surface bears against at least a portion of the first 
bearing Surface, the second end of the latch member extends 
toward the device surface edge and the second end of the latch 
is moveable between a latched position wherein the central 
portion is adjacent the latch Surface and maintains the cou 
plers coupled and an unlatched position wherein the central 
portion is separated from the latch Surface and the device and 
coupler supported thereby are freely removable from the Sup 
port structure. 

In some cases the first coupler forms at least a first channel 
that includes the first bearing surface and wherein the second 
coupler forms at least a first edge that forms the second 
bearing surface and that is at least partially received within the 
first channel. In some cases the first coupler also forms a 
second channel that forms a third bearing Surface and the 
second coupler forms a second edge that forms a fourth bear 
ing Surface and wherein, when the couplers are coupled, the 
third bearing Surface contacts at least a portion of the fourth 
bearing Surface. Here, in some cases the first and third bearing 
Surfaces generally face each other and wherein the second and 
fourth bearing Surfaces generally face in opposite directions. 

In Some embodiments each of the first and second channels 
includes first and second ends and wherein the second ends 
are closer than the first ends. In some cases the distance 
between the first and second channels gradually decreases 
between the first and second ends thereof. in some cases each 
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of the first and second edges formed by the second coupler has 
first and second ends and wherein the distance between the 
first and second edges gradually decreases between the first 
and second ends thereof. In some cases the first coupler is 
supported by the device surface. The first ends of the channels 
may be lower than the second ends. The second coupler may 
form the latch surface. The latch surface may generally face 
downwardly. The second end of the latch member may extend 
downward. The latch member may be a spring member that is 
biased toward the latched position. The spring member may 
be a leaf spring and the leaf spring may move toward the 
device surface when moved from the latched to the unlatched 
position. 

In Some cases the central portion includes a finger member 
that extends therefrom and wherein the portion of the latch 
member adjacent the latch surface when the latch member is 
in the latched position is a Surface of the finger member. In 
Some embodiments the finger member generally extends 
from the central portion in a direction from the second end 
toward the first end of the leaf spring. 

In some cases the device is a flat panel display Screen, the 
Surface is a rear Surface and the Surface edge is a lower edge. 
In some cases the first coupler is Supported by the device 
Surface. In some cases the second coupler forms the latch 
Surface. In some cases the second end of the latch member 
extends downward. In some cases the latch member is a 
spring member that is biased toward the latched position. In 
Some cases the spring member is a leaf spring and wherein the 
leaf spring moves toward the device surface when moved 
from the latched to the unlatched position. In some cases the 
first coupler includes a rotating member and a coupler mem 
ber, the coupler member forming the first bearing surface, the 
rotating member is linked to the device Surface and mounted 
to the coupler member for rotation about an axis. 
Some inventive embodiments include an apparatus for 

linking a device at a distalendofa Support structure where the 
device includes a Surface and each of the device Surface and 
the distal end of the Support arm is a Supporting feature, the 
apparatus comprising a first coupler Supported by one of the 
Supporting features, a second coupler Supported by the other 
of the Supporting features and configured to at least in part 
receive a portion of the first coupler and a latch member 
Supported by one of the first coupler, the second coupler and 
one of the Supporting features and including a distal end, 
wherein, when the first coupler is at least in part received by 
the second coupler, the latch member distal end extends lat 
erally to at least one side of the first and second couplers and 
substantially parallel to the device surface and is moveable 
substantially perpendicular to the device surface between 
latched and unlatched positions wherein the latch member 
latches and unlatches the first coupler to the second coupler, 
respectively. 

In some cases the latch member moves toward the device 
Surface when moving form the latched position to the 
unlatched position. In some cases the latch member is a leaf 
spring. In some cases the second coupler is secured to the 
device surface and the latch member is secured to the second 
coupler. 

In addition, some embodiments include an assembly for 
Supporting a device for movement between several positions, 
the assembly comprising a first four-bar Subassembly includ 
ing proximate and distal ends and a second four-bar Subas 
sembly including proximate and distal ends and first and 
second link members that pivot about substantially parallel 
axis, the distal end of the first four-bar subassembly linked to 
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8 
the proximate end of the second four-bar subassembly for 
rotation about an additional axis that is Substantially perpen 
dicular to the parallel axis. 

In some cases the distal end of the second four-bar Subas 
sembly is linked to the device. In some cases the apparatus 
further includes a base and a third arm subassembly between 
the base and the device. In some cases the third arm Subas 
sembly is linked between the base and the first four-bar sub 
assembly. In some cases the third arm Subassembly includes 
first and second curved sections and a Substantially straight 
section between the first and second curved sections and 
wherein oppositely facing ends of the first and second curved 
sections extend along Substantially parallel first and second 
trajectories. In some cases the elongated member extends 
generally along an axis that forms first and secondangles with 
each of the first and second trajectories, respectively, where 
each of the first and second angles is between 5 and 30 
degrees. In some cases the elongated member is tubular. In 
some cases the least one of the four-bar subassemblies 
includes first and second link members where each of the link 
members includes first and second ends and where the first 
and second ends are mounted for rotation to first and second 
end members, respectively, and, wherein, the first ends are 
mounted closer together than the second ends. 

In some cases the second four-bar Subassembly includes 
first and second link members where each of the link mem 
bers includes first and second ends and where the first and 
second ends are mounted for rotation to first and second end 
members, respectively, and, wherein, the first ends are 
mounted closer together than the second ends. 

In some cases the arm assembly further includes a third arm 
Subassembly that includes proximate and distal ends, the first 
four-bar Subassembly includes proximate and distal ends, 
each of the base and the distal end of the third arm subassem 
bly form couplers of a first type and each of the proximate end 
of the first four-bar subassembly and the proximate end of the 
third arm Subassembly form a coupler of a second type, each 
of the second type couplers configured to couple with either 
of the first type couplers. 

In some cases each of the first type couplers forms one of a 
cavity and a post and each of the second type couplers forms 
the other of a cavity and a post and wherein the posts are 
dimensioned to be receivable within the cavities to facilitate 
rotation about common cup-post axis. 

Moreover, Some embodiments include a variably config 
urable kit assembly for adjustably Supporting a device, the 
assembly comprising a base forming a first coupler of a first 
type, an arm assembly linking the base to the device, the arm 
assembly comprising, a first arm Subassembly including 
proximate and distal ends and forming a first coupler of a 
second type at the proximate end and a second coupler of the 
first type at the distal end and a second arm Subassembly 
including proximate and distal ends and forming a second 
coupler of the second type at the proximate end and Support 
ing the device at the distal end, wherein, each of the second 
type couplers is configured to be couplable to either of the first 
type couplers. 

In some cases each of the first type couplers forms one of a 
cup and a post and each of the second type couplers forms the 
other of a cup and a post and wherein the posts are dimen 
sioned to be receivable within the cups to facilitate rotation 
about an axis common to the coupled post and cup. In some 
cases each of the first type of couplers forms a cup that 
narrows from an upper end to a lower end and each of the 
second type couplers forms a post that narrows from an upper 
end to a lower end. In some cases the apparatus further 
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includes a frusto-conical bushing between each pair of adja 
cent first and second couplers. 

In Some cases the arm assembly can be configured with the 
proximate ends of the first arm Subassembly and the second 
arm subassembly coupled to the base and the distal end of the 
first arm subassembly, respectively and wherein the arm 
assembly can be configured with the proximate end of the 
second arm Subassembly coupled to the base. In some cases 
the second arm Subassembly includes at least one four-bar 
Subassembly. In some cases the base includes a first base for 
mounting a work Surface and wherein the assembly further 
includes at least a second base for mounting to a vertical 
Surface wherein the second base forms an additional coupler 
of the first type configured to optionally receive any of the 
couplers of the first type. In some cases the second base 
coupler includes a clip for mounting the second base to a slat 
wall. 

In some cases the assembly further includes a device mount 
Subassembly including proximal and distal ends, the mount 
subassembly forming a first coupler of a third type at the distal 
end, the secondarm Subassembly forming a first coupler of a 
fourth type configured to be couplable to a coupler of the third 
type. In some cases the assembly further includes a third arm 
Subassembly including proximate and distal ends and form 
ing a third coupler of the second type at the proximate end and 
a second coupler of the fourth type. In some cases each of the 
second and the third arm Subassemblies has a length dimen 
sion and wherein the length dimension of the second arm 
Subassembly is greater than the length dimension of the third 
arm Subassembly. In some cases the first arm Subassembly 
includes a four-bar mechanism and the secondarm Subassem 
bly includes a fixed member. 

In addition, Some inventive embodiments include an arm 
assembly for adjustably Supporting a flat panel display, the 
assembly comprising a first arm member including proximate 
and distal ends and including a surface that forms one of an 
open ended frusto-conical cavity and a frusto-conical post at 
the distal end and a secondarm member including proximate 
and distal ends and including a surface that forms the other of 
an open ended frusto-conical cavity and a frusto-conical post 
at the proximal end, the display supported by the distal end of 
the second arm member, wherein the post is at least partially 
received within the cavity with the post forming surface fac 
ing the cavity facing Surface and for rotation about an axis. 

I some cases the assembly further includes a bushing hav 
ing internal and external Surfaces where the internal Surface 
defines a frusto-conical shape that is Substantially similar to 
the shape of the Surface forming the post and the external 
Surface defines a frusto-conical shape that is Substantially 
similar to the shape of the Surface forming the cavity, the 
bushing positioned between the surfaces that form the post 
and cavity. In some cases the internal Surface of the bushing is 
generally a mirror image of the external Surface of the bush 
ing. In some cases the bushing further includes at least one 
malleable and deformable rib that extends from at least one of 
the internal and external Surfaces. In some cases the bushing 
includes a plurality of malleable and deformable ribs that 
extend from at least one of the internal and external Surfaces. 
In some cases the ribs extend from the external surface. In 
Some cases at least one of the internal Surface, the external 
surface and one of the surfaces that forms the cavity and that 
forms the post includes at least one malleable and deformable 
rib. 

In some cases the bushing is formed of plastic. In some 
cases the first arm member forms the cavity at the distal end. 
In some cases the cavity and the post are a first cavity and a 
first post, the first arm member also including a surface that 
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10 
forms one of a second open ended frusto-conical cavity and a 
second frusto-conical post at the proximate end, the assembly 
further including a base member that forms the other of a 
second open ended frusto-conical cavity and a second frusto 
conical post at the proximate end and a second bushing hav 
ing internal and external Surfaces where the internal Surface 
defines a frusto-conical shape that is Substantially similar to 
the shape of the Surface forming the second post and the 
external Surface defines a frusto-conical shape that is Substan 
tially similar to the shape of the Surface forming the second 
cavity wherein, the second post is at least partially receivable 
within the second cavity with the second bushing between the 
Surfaces that form the second post and second cavity and for 
rotation about an axis. 

In some cases an aperture is formed in a base of the cavity 
and a threaded opening is formed in an end of the post and 
further including a bolt that extends through the aperture and 
that is received in the threaded opening to maintain the bush 
ing under a compressive force between the Surfaces that form 
the cavity and the post. In some cases the external Surface of 
the bushing further includes at least one malleable and 
deformable extending member that deforms when com 
pressed between the surfaces that form the post and the cavity. 

According to one aspect, Some embodiments include a 
tilter apparatus for adjustably mounting a flat panel display to 
a Support member, the apparatus comprising a rigid mount 
member coupled to the device, first and second link members, 
each link member including first and second ends, the first 
ends of the link members coupled to the support member for 
pivotal motion about Substantially parallel first and second 
axis where the first and second axis are separated by a first 
dimension, the second ends of the link members coupled to 
the mount member for pivotal motion about substantially 
parallel third and fourth axis where the third and fourth axis 
are separated by a second dimension that is different than the 
first dimension. 

In some cases the second dimension is less than the first 
dimension. In some cases the mount member is coupled to a 
rear Surface of the display. In some cases each of the first and 
second link members includes a generally V-shaped member. 

In some cases the first, second, third and fourth axis are 
Substantially horizontal, the Support member forms a collar 
and wherein the first and second link members are coupled to 
the collar by a coupling including at least one post member 
that extends into the collar where the post is rotatable about a 
substantially vertical axis formed by the collar. 

Other embodiments include an apparatus for adjustably 
mounting a flat panel display to a Support arm wherein the 
Support arm includes a distal end and the display includes a 
rear Surface, the apparatus comprising a tilt assembly cou 
pling the rear surface of the display to the distal end of the 
Support arm, the tilter assembly configured to facilitate dis 
play rotation about a Substantially horizontal axis that resides 
on a side of the rear surface opposite the tilter assembly. 

In some cases the tilter assembly includes rigid mount 
member coupled to the rear surface of the display and first and 
second link members, each link member including first and 
second ends, the first ends of the link members coupled to the 
distal end of the support arm for pivotal motion about sub 
stantially parallel first and second axis where the first and 
second axis are separated by a first dimension, the second 
ends of the link members coupled to the mount member for 
pivotal motion about substantially parallel third and fourth 
axis where the third and fourth axis are separated by a second 
dimension and wherein the second dimension is less than the 
first dimension. 
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Some embodiments include a four-bar assembly for use in 
a Support arm for adjustably Supporting a device, the assem 
bly comprising first and second end members, a first link 
member, the first link member including a substantially flat 
elongated rigid member having at least a first lateral edge and 
first and second ends that are coupled to the first and second 
end members, respectively and a second link member, the 
second link member including a substantially flat elongated 
rigid member having at least a first lateral edge and first and 
second ends that are coupled to the first and second end 
members, respectively, so as to be substantially parallel to the 
first link member with the first lateral edge of the second link 
member facing in the same direction as the first lateral edge of 
the first link member, wherein, the space between the first and 
second link members is open between the first lateral edges of 
the first and second link members. 

In some cases each of the first and second link members 
also includes a second lateral edge that faces in the direction 
opposite the first lateral edge and wherein the space between 
the first and second link members is open between the second 
lateral edges of the first and second link members. In some 
cases the assembly further includes first and second cover 
members that are removably coupled to at least one of the end 
members so as to block the space between the first edges and 
to block the space between the second edges, respectively. In 
Some cases each of the covers is removably coupled to each of 
the end members. In some cases each of the first and second 
end members includes a generally C-shaped member includ 
ing first and second distal ends, the first ends of the first and 
second link members linked to the first ends of the end mem 
bers and the second ends of the first and second link members 
linked to the second ends of the end members. In some cases 
the assembly further includes at least a first cover member 
removably coupled to at least one of the first and second end 
members, the cover member including a rectilinear portion 
and integral semi-circular portions at opposite ends of the 
rectilinear portion. 

In some cases each of the end members includes an exten 
sion member that extends between and generally in the same 
direction as the distal ends of the end member and wherein the 
cover member is coupled to the extension members at cou 
pling points. In some cases the coupling point with the first 
end member extension member is generally midway between 
the distal ends of the first end member and the coupling point 
with the second end member extension member is generally 
midway between the distal ends of the second end member. 

In some cases the first link member is an upper link mem 
ber, the assembly further including a spring mechanism 
including first and second ends wherein the first end is 
coupled to the first end member and the second end is coupled 
to the upper link member. In some cases the spring mecha 
nism is a gas spring. In some cases an adjusting mechanism is 
provided at one of the first and second ends of the spring 
mechanism for adjusting the force applied by the spring 
mechanism to the upper link member. 

In some cases the assembly further includes at least one 
retaining member mounted to an external Surface of at least 
one of the first and second link members for retaining wires 
adjacent the external Surface. 

According to another aspect, Some embodiments include 
an apparatus for use as one of two link members in a four-bar 
Support arm Subassembly, the arm Subassembly including 
first and second end members, the apparatus comprising a 
Substantially single thickness, elongated rigid link member 
having first and second ends and first and second oppositely 
facing lateral edges and first and second rollers at the first and 
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12 
second ends of the link member for mounting to the first and 
second end members, respectively. 

In some cases the first and second rollers are integrally 
formed at the first and second ends of the link member. In 
Some cases the link member is Substantially flat and planar. 

In some cases the apparatus is also for use with a four-bar 
Subassembly including a spring mechanism wherein the link 
member includes oppositely facing internal and external Sur 
faces, the apparatus further including a collar member 
extending from the internal Surface adjacent the first end of 
the link for attachment to one end of the spring mechanism. 
Some embodiments include a lower arm assembly for use 

in an extension arm that includes an upper arm assembly, the 
arm for adjustably mounting a device to a Support member, 
the lower arm assembly comprising an elongated member 
having first and second ends, respectively, and forming an 
internal cavity along at least a portion of the member's length 
wherein the cavity opens to at least one side, the member 
including first and second couplers at the first and second ends 
for coupling to the Support member and the and the upperarm 
assembly, respectively. 

In some cases the cavity opens downward. In some cases 
the cavity forms a cavity edge with an external Surface of the 
elongated member and wherein the assembly further includes 
a cover receivable within a portion of the cavity for substan 
tially closing the cavity edge cavity. In some cases the cavity 
includes first and second ends and wherein an edge of the 
cover at opposite ends of the cover forms openings with the 
cavity edge adjacent the first and second ends of the cavity. In 
Some cases the elongated member includes first and second 
curved sections and a substantially straight section between 
the first and second curved sections and wherein oppositely 
facing ends of the first and second curved sections extend 
along Substantially parallel first and second trajectories. In 
Some cases the elongated member extends generally along an 
axis that forms first and second angles with each of the first 
and second trajectories, respectively, where each of the first 
and second angles is between 5 and 30 degrees. In some cases 
the elongated member is tubular. 
At least Some embodiments include a Support arm assem 

bly for Supporting a device with respect to a Support, the 
assembly comprising a rigid arm member having first and 
second ends that extend along trajectories that are substan 
tially parallel to first and second axis, respectively, where the 
first and second axis are misaligned, a first linkage post hav 
ing opposite first and second ends and Supported for rotation 
at the first end of the arm member about the first axis, the first 
end of the first linkage post Supported by the Support and a 
second linkage post having opposite first and second ends and 
supported for rotation at the second end of the arm member 
about the second axis, the second end of the second linkage 
post Supporting the device, the first end of the second linkage 
post linked to the second end of the first linkage post so that 
rotation of the first post causes rotation of the second post. 

In some cases the assembly further includes an elongated 
intermediate linkage linked between the second end of the 
first linkage post and the first end of the second linkage post 
to translate rotational movement between the first linkage 
post about the first axis and the second linkage post about the 
second axis. In some cases the first and second axis are 
parallel. In some cases the arm member includes first and 
second curved end portions and a central Substantially 
straight portion. In some cases the arm member forms a cavity 
Substantially along the entire length of the arm member and 
wherein the intermediate linkage is positioned within the 
cavity. 
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In some cases the intermediate linkage is substantially 
straight and rotates around an axis that is angled with respect 
to each of the first and second axis. Some embodiments 
further include first and second transfer blocks, the first block 
mounted between the first end of the intermediate linkage and 5 
the second end of the first linkage post and the second block 
mounted between the second end of the intermediate linkage 
and the first end of the second linkage post. In some cases the 
assembly further includes a differential subassembly that 
links the second end of the second linkage post to the device. 
In some cases the differential assembly has a two-to-one 
ratio. 
Some embodiments further include a support structure that 

is mounted to the Support and that forms a Surface, the first 
end of the first linkage post frictionally engaging the Surface. 15 
In some cases the device is a flat panel display screen. In some 
cases the first and second axis are parallel. 

These and other objects, advantages and aspects of the 
invention will become apparent from the following descrip 
tion. In the description, reference is made to the accompany 
ing drawings which form a part hereof, and in which there is 
shown a preferred embodiment of the invention. Such 
embodiment does not necessarily represent the full scope of 
the invention and reference is made therefor, to the claims 
herein for interpreting the scope of the invention. 

10 

25 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a perspective view of one embodiment of a Sup 
port arm assembly according to at least some aspects of the 
present invention; 

FIG. 2 is a side plan view of the arm of FIG. 1; 
FIG. 3 is a top plan view of the arm of FIG. 1; 
FIG. 4 is a perspective view of the base subassembly and a 

portion of the lower arm subassembly of FIG. 1 in partial 
exploded view: 

FIG. 5 is a partial cross-sectional side plan view of the arm 
assembly of FIG. 1, albeit where a cover member has been 
removed from an upper arm Subassembly; 

FIG. 6 is a cross-sectional view taken along the line 6-6 of 
FIG. 5; 

FIG. 7 is a cross-sectional view taken along the line 7-7 of 
FIG. 5; 

FIG. 8 is a partially exploded perspective view of the lower 45 
arm subassembly of FIG. 1 and a portion of the upper arm 
Subassembly; 

FIG. 9 is a cross-sectional view taken along the line 9-9 of 
FIG. 6; 

FIG. 10 is a cross-sectional view taken along the line 10-10 50 
of FIG. 6; 

FIG. 11 is an exploded view of the upper arm subassembly 
of FIG. 1; 

FIG. 12 is a cross-sectional view taken along the line 12-12 
of FIG. 1; 

FIG. 13 is an exploded view of the yolk subassembly of 
FIG. 12; 

FIG. 14 is similar to FIG. 12, albeit illustrating an adjusting 
member in an extended position where an end of a gas spring 
has been forced into a second juxtaposition; 

FIG. 15 is a partial cross-sectional view taken along the line 
15-15 of FIG. 14; 

FIG.16 is a view similar to of FIG. 5, albeit where an upper 
arm Subassembly has been forced into a second operating 
position; 

FIG. 17 is a cross-sectional view taken along the line 17-17 
in FIG. 5; 
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14 
FIG. 18 is a cross-sectional view taken along the line 18-18 

in FIG. 17: 
FIG. 19 is an exploded view of a portion of the pan/tilt 

subassembly of FIG. 1; 
FIG. 20 is a perspective view illustrating the pan/tilt sub 

assembly of FIG. 1, albeit where a pan subassembly has been 
removed from a tilt subassembly: 

FIG.21 is an exploded view of the pan subassembly of FIG. 
20; 

FIG. 21A is a perspective view of the mount member of 
FIG. 21; 

FIG. 22 is a view similar to FIG. 2, albeit illustrating the 
arm Subassemblies in a different relative juxtapositions; 

FIG. 23 is a view similar to FIG. 3, albeit illustrating the 
arm Subassemblies in a different relative juxtaposition; 

FIG. 24 is a partial view similar to FIG. 22, albeit wherein 
the pan tilt subassembly is in a different relative position 
thereby facilitating tilting of a display; 

FIG. 25 is a perspective view of a portion of the arm 
assembly of FIG. 1 where a display supported by the arm 
assembly has been rotated about a horizontal axis perpen 
dicular to the front surface of the display; 

FIG. 26 is a perspective view of another arm subassembly 
consistent with at least some embodiments of the present 
invention; 

FIG. 27 is a perspective view of an additional type of base 
subassembly that may be used with other arm subassemblies 
like those illustrated in FIGS. 1 and 26; 

FIG. 28 is similar to FIG. 27, albeit illustrating a third base 
Subassembly: 

FIG. 29 is a perspective view of a second lower arm assem 
bly embodiment; 

FIG. 30 is an exploded view of the lower arm assembly of 
FIG. 29; and 

FIG. 31 is a cross sectional view of the arm assembly of 
FIG. 29 taken along the line 31-31. 

DETAILED DESCRIPTION OF THE INVENTION 

One or more specific embodiments of the present invention 
will be described below. It should be appreciated that in the 
development of any such actual implementation, as in any 
engineering or design project, numerous implementation 
specific decisions must be made to achieve the developers 
specific goals, such as compliance with system-related and 
business related constraints, which may vary from one imple 
mentation to another. Moreover, it should be appreciated that 
Such a development effort might be complex and time con 
Suming, but would nevertheless be a routine undertaking of 
design, fabrication, and manufacture for those of ordinary 
skill having the benefit of this disclosure. 

Referring now to the drawings wherein like reference 
numerals correspond to similar elements throughout the sev 
eral views and, more specifically, referring to FIGS. 1, 2 and 
3, the present invention will be described in the context of an 
exemplary Support arm assembly 10 for Supporting a flat 
panel electronic display 12 that is consistent with at least 
Some aspects of the present invention. As an initial matter, it 
should be appreciated that, while the invention is described in 
the context of an arm assembly 10 for adjustably supporting 
a flat panel display 12, the arm assembly 10 may be used to 
Support other devices or Subassemblies. In the description 
that follows, assembly 10 will be described generally in the 
frame of reference of FIG. 2 where a subassembly 18 is 
disposed generally vertically higher than an assembly 16 and 
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generally in front of assembly 16 (e.g., to the left of assembly 
16 as illustrated) where display 12 has front and rear surfaces 
33 and 34, respectively. 

Assembly 10 includes a base subassembly 14, a lower arm 
subassembly 16, an upper arm subassembly 18 and a pan/tilt 
Subassembly 20. In general, base Subassembly 14 is mount 
able to some type of Support structure Such as the edge of a 
table top (see FIG.1) and supports lower arm subassembly 16 
thereabove for rotation about a first vertical axis 22 (see FIG. 
2). Lower arm Subassembly 16 Supports upperarm Subassem 
bly 18 at an end opposite the end supported by base subas 
sembly 14 for rotation about a second vertical axis 24 that is 
offset from first vertical axis 22. Upper arm subassembly 18 
includes a four-bar mechanism to allow generally vertical 
movement of a distal end 26 thereof within a range (e.g., +4-7 
inches) upward and downward as indicated by dual-ended 
arrow 28. Pan/tilt subassembly 20 is mounted proximate dis 
talend 26 of upper arm subassembly 18 for rotation about a 
third vertical axis 30. Display 12 is secured a the tilt portion or 
subassembly (see also FIG. 21) of pan/tilt subassembly 20 for 
rotation about a horizontal axis identified by numeral 32 in 
FIG. 2. In addition, the tilt portion of the pan/tilt subassembly 
20 facilitates a range (e.g., +25°) of, as the label implies, 
tilting motion of display 12 Such that display 12 generally tilts 
or rotates about a horizontal axis perpendicular to each of the 
third vertical axis 30 and horizontal axis 32 (i.e., a horizontal 
axis that extends into the plane of FIG.2) where the horizontal 
axis is on a side of rear Surface 34 of display 12 opposite arm 
assembly 10. 

Referring now to FIGS. 4 and 5, exemplary base subassem 
bly 14 includes a base member 36, an L-shaped extension 
member 38, an L-shaped clamp member 40, a threaded tight 
ening rod 42, an elongated foot member 43, three plastic or 
rubber disk shaped foot members 44 and a bushing 46. Base 
member 36 is a rigid, integrally formed component including 
a generally circular disk-shaped member 48 having an under 
surface 50 and a top surface 52 and a generally cup-shaped 
member 54 that extends upward from a central portion of top 
surface 52. Foot members 44 are mounted to undersurface 50 
in an equispaced orientation. Cup-shaped member 54 
includes an upper edge 64 and forms an upwardly opening 
cavity 56 that tapers from top edge 64 toward a lower end of 
the cavity 56 so that the cavity 56 is generally of frusto 
conical shape. 

Referring also to FIGS. 6.9 and 1, at the lower end of cavity 
56, cup-shaped member 54 forms a stop shelf58 that extends 
inwardly along a portion of the circumference of cavity 56 
where opposite ends 60 and 62 of the stop shelf 58 form first 
and second stop Surfaces, also referred to herein by numerals 
60 and 62, respectively. Stop surfaces 60 and 62 define the 
ends of an arc about first vertical axis 22 where in the exem 
plary illustrated embodiment, the arc is approximately 210°. 
Shelf 58 extends from the rearward facing portion of the 
internal surface that forms cavity 56 as best seen in FIG. 6. 
Cup-shaped member 54 forms an opening 49 that opens 
through undersurface 50 where the bottom edge of opening 
49 is recessed from undersurface 50 to receive a bolt head as 
best illustrated in FIG. 10. 

Referring again to FIGS. 4 and 5, L-shaped extension 
member 38 includes a first rigid essentially flat member 66 
and a second integrally formed rigid and essentially flat mem 
ber 68 that forms a right angle with member 66. Member 66 
is secured to undersurface 50 of disk-shaped member 48 such 
that member 68 generally extends away from the undersur 
face 50 at a right angle. Member 68 forms two pairs of 
threaded apertures identified by numerals 70 and 72. 
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L-shaped clamp member 40 includes first and second rigid 

and integrally formed essentially flat members 74 and 76 that 
form a right angle. Although not illustrated, member 74 forms 
a pair of openings that are arranged to mirror either of the first 
and second pairs of openings 70 or 72, respectively, formed 
by member 68. Two screws 78 (only the head of one screw 78 
shown in FIG.5) are used to mount member 74 to member 68 
so that second member 76 extends generally parallel to under 
Surface 50 of base member 36. Member 76 forms a threaded 
aperture (not illustrated) near a distal end which is generally 
aligned below cup-shaped member 54. 

Referring still to FIG. 5, threaded tightening rod 42 
includes a threaded shaft 82 that has a diameter and a thread 
pitch such that it is threadably receivable within the threaded 
opening formed by member 76. Foot member 43 is an elon 
gated flat and rigid member that forms a bearing Surface 45. 
Foot member 43 is mounted at one end of shaft 82 and, when 
shaft 82 is received within the threaded opening formed by 
member 76, bearing surface 45 faces undersurface 50 of base 
member 36. Thus, as shaft 82 is rotated in one direction, foot 
member 43 moves toward undersurface 50 and, when shaft 82 
is rotated in the opposite direction, foot member 43 moves 
away from undersurface 50. 

Referring once again to FIGS. 4, 5, 9 and 10, bushing 46 
includes a hollow generally cylindrical member 84 having 
oppositely facing upper and lower edges (not labeled) where 
a lateral flange 86 extends laterally from the upper edge. As 
best seen in FIG. 10, cylindrical member 84 includes an 
internal surface 88 and an external surface 94 where the 
external surface 94 is formed to be receivable within cavity 56 
formed by cup-shaped member 54. Here, flange 86 is dimen 
sioned so that an undersurface thereof is receivable on upper 
edge 64 of cup-shaped member 54 when cylindrical member 
84 is received within cavity 56. External surface 94 tapers 
from the upper edge to the lower edge of member 84 such that 
the shape formed by external surface 94 mirrors the shape of 
the surface that forms cavity 56. 

In at least some embodiments, a plurality of ribs 92 are 
integrally formed on external surface 94 and extend laterally 
therefrom. In the illustrated embodiment, as best seen in FIG. 
4, ribs 92 extend along and generally parallel to a length 
dimension of cylindrical member 84 from the upper to the 
lower edge thereof and the ribs 92 are generally equispaced 
about the circumference of member 84. 

Referring still to FIGS. 4 and 5, while cylindrical member 
84 is dimensioned such that member 84 generally fits within 
cavity 56, in at least some embodiments, external surface 94 
is dimensioned such that when the lower surface of flange 86 
rests on upper edge 64 with cylindrical member 84 centered 
within cavity 56, the internal surface of cavity 56 and external 
surface 94 form a slight gap. Similarly, ribs 92 extend later 
ally from surface 94 such that oppositely extending ribs (i.e., 
a pair of ribs extending in opposite directions from opposite 
sides of external surface 94) define dimensions that are 
slightly greater than the dimension formed by the tapered 
surface that defines cavity 56 when the lower surface of flange 
86 rests on upper edge 64. Thus, at least initially, when bush 
ing 46 is placed within cavity 56 so that ribs 92 contact the 
surface that forms cavity 56, ribs 92 generally suspend bush 
ing 46 within cavity 56 such that the lower surface of flange 
86 is slightly above upper edge 64. 

Bushing 46 is formed of a deformable or malleable mate 
rial such that at least certain portions thereof can be deformed 
when compressed. In particular, ribs 92 are formed such that 
they can be deformed to at least a certain degree when com 
pressed. In this regard, in at least some embodiments, bushing 
46 will be formed of a plastic material such that when a 
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compressive force is applied thereto, the ribs 92 are com 
pressed toward external surface 94. Thus, with bushing 46 in 
cavity 56, when a compressive force is applied to internal 
surface 88, ribs 92 are compressed between external surface 
94 and the surface that forms cavity 56 and, when a suffi 
ciently large force is applied, ribs 92 compress until the 
undersurface offlange 86 contacts and rests on upper edge 64. 

Referring once again to FIGS. 1, 2 and 5 and also to FIG. 8, 
lower arm subassembly 16 includes a rigid arm member 100, 
a cover member 102 and a bushing 104. Arm member 100, in 
at least some embodiments, has a generally tubular appear 
ance. In at least some embodiments member 100 is an inte 
grally formed member having a proximal or first end 106 and 
a distal or second end 108. Between the first and second ends 
106 and 108, respectively, arm member 100 generally has 
three sections including first and second curved sections 110 
and 112 that are disposed at the first and second ends 106 and 
108, respectively, and a substantially straight central section 
114 between the first and second curved sections 110 and 112, 
respectively. As illustrated, each of the curved sections 110 
and 112 curve essentially the same amount but in opposite 
directions such that oppositely facing ends of the first and 
second curved sections (i.e., the ends of arm member 100) 
extend along Substantially parallel but off-axis trajectories 
(i.e., the trajectories corresponding to parallel first and second 
vertical axes 22 and 24, respectively, as illustrated in FIG. 2). 

Referring to FIGS. 5 and 8, a central portion of arm mem 
ber 100 including straight section 114 and adjacent portions 
of curved sections 110 and 112 form a cavity 148 that extends 
substantially along the entire length of arm member 100. In 
the illustrated embodiment, cavity 148 is only closed at the 
first and second ends 106 and 108, respectively, of arm mem 
ber 100. An opening 150 is formed into one side (e.g., a lower 
side) of cavity 148 and slots are formed along the length of 
opening 150 in oppositely facing edges thereof. Three of the 
slots are collectively identified by numeral 152 (oppositely 
facing slots that face illustrated slots 152 not illustrated). 

Referring still to FIGS. 5 and 8, and also to FIGS. 4, 6, 9 
and 10, arm member 100 forms a generally post-shaped cou 
pler at first end 106 which, as its label implies, includes an 
extending post 116. Post 116 has a radius less than the radius 
of first end 106 so that a limiting surface 118 circumscribes 
post 116 at end 106. In general, post 116 tapers from first end 
106 to a distal end 120 and the taper mirrors the taper of 
internal surface 88 of bushing 46 such that post 116 is snugly 
receivable within cavity 90 formed by bushing 46. 
An intermediate post member 122 extends coaxially from 

distal end 120 of post 116 and an end post member 124 having 
a radius Smaller than the radius of the intermediate post mem 
ber 122 extends axially from intermediate post member 122 
such that a small shelf 126 is formed at the base of post 124 
and extends laterally therefrom. A threaded aperture 128 is 
formed axially in the end of post 124 (see specifically FIGS. 
6, 9 and 10). In addition, a wedge or pie shaped key 130 
extends laterally from a small portion of intermediate post 
member 122 to a radius equal to the radius of post 116 at distal 
end 120 (i.e., the lateral surface of key 130 is flush with the 
lateral surface of post 116 at distal end 120). Key 130 is 
formed about an axis through opening 128 that forms an arc 
of in the illustrated embodiment, approximately 20° (see 
specifically FIG. 6). 

Referring to FIGS. 6, 9 and 10, end post member 124 is 
sized to be receivable through opening 49 while the lateral 
edge formed by intermediate post member 122 is dimen 
Sioned to provide a slight clearance with an adjacent Surface 
of stop shelf58 when lower arm subassembly 16 is mounted 
to base subassembly 36. In addition, as best seen in FIGS. 9 
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and 10, post 116 and intermediate post 122 have length 
dimensions such that, when received within bushing 46 and 
cavity 56 (see also FIG. 4), with limiting surface 118 (see also 
FIG. 8) and upper edge 64 sandwiching flange 86 of bushing 
46 therebetween, the downwardly facing surfaces 121 and 
126 form slight gaps with facing Surfaces formed by stop 
shelf58 and an upwardly facing surface 57 of cavity 56. Thus, 
bushing 46 completely separates arm member 100 from disk/ 
cup member 36. 

Referring yet again to FIGS. 5 and 8 and also to FIG. 12, at 
second end 108, arm member 100 forms another cup-shaped 
member 134 that has characteristics similar to cup-shaped 
member 54 described above. To this end, cup-shaped member 
134 forms an upper edge 142 and includes an internal Surface 
136 that forms a cavity 144 that tapers from upper edge 142 
downward to a lower end (not labeled) that is generally closed 
except for a central axial opening 138. A surface 140 faces 
upward and circumscribes opening 138. In at least some 
embodiments consistent with at least Some aspects of the 
present invention, cavity 144 has dimensions that are nearly 
identical or at least are Substantially similar to the dimensions 
of cavity 56 formed by cup-shaped member 54. Thus, the 
diameter of cavity 144 adjacent upper edge 142 is identical to 
the diameter of cavity 56 adjacent upper edge 64. Similarly, 
the depth of cavity 144 and the degree of taper between the 
upper edge 142 and surface 140 are identical to the depth of 
cavity 56 and the degree of taper between upper edge 64 and 
the upwardly facing surface 57 that circumscribes opening 
49. In the illustrated embodiment cup shaped member 134 
does not form a shelf akin to shelf 58. 

Referring yet again to FIGS. 4, 8 and 12, bushing 104, in at 
least some embodiments, is identical to bushing 46 described 
above and therefore, in the interest of simplifying this expla 
nation, will not be described here again in detail. It should 
suffice to say that bushing 104 is receivable within cavity 144 
and includes a plurality of ribs, two of which are collectively 
identified by numeral 146 in FIG. 8, where the ribs 146 
deform when compressed as described above and where 
bushing 104 serves to separate the Surfaces of cup-shaped 
member 134 from surfaces of upper-arm subassembly 18 
when subassembly 18 is mounted to member 134. 

Referring again to FIGS. 5 and 8, cover member 102 is an 
integrally formed rigid yet resilient member that is designed 
to be snap fit within opening 150 to substantially close the 
opening 150. To this end, cover member 102, in at least some 
embodiments, includes a plastic elongated member 158 hav 
ing first and second ends 160 and 162, respectively, and first 
and second lateral edges (only one illustrated and labeled 
164) that extend along the length of member 158. Here, the 
dimension between the lateral edges (e.g., 164) is similar to 
the dimension between facing edges that form opening 150. 
Finger members, three of which are collectively identified by 
numeral 166 in FIG. 8, extend from each of the lateral edges 
(e.g., 164) at locations along the edges such that they align 
with slots 152 formed within opening 150 when cover mem 
ber 102 is placed within opening 150. An external surface 168 
of member 158, in at least some embodiments, includes a 
contour that is similar to the contour of arm member 100. 
Thus, when finger members 166 are received in slots 152 to 
mount cover member 102 within opening 150, a smooth 
transition occurs between the adjacent portions of the exter 
nal surface of member 100 and external surface 168 of cover 
member 102 and an aesthetically appealing Subassembly 
results. 

Cover member 102 has a length dimension that is less than 
the length of opening 150 such that the edges of opening 150 
at first and second arm member ends 106 and 108, respec 
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tively, and adjacent cover member edges form a lower open 
ing 170 and an upper opening 172, respectively (see specifi 
cally FIG. 5), when cover member 102 is secured within 
opening 150. 

Referring once again to FIGS. 1 and 8 and also to FIGS. 11 
through 16, upperarm Subassembly 18 includes, among other 
components, a first yoke member 180, a yoke subassembly 
182, a first or upper link member 184, a second or lower link 
member 186, a gas spring 188, a first cover member 190, a 
second cover member 192 and first and second retaining 
members collectively identified by numeral 194. 

Referring specifically to FIGS. 12 and 13, yoke subassem 
bly 182 includes a second yoke member 198 and a force 
adjustment subassembly 200. Second yoke member 198 is a 
rigid integrally formed and multi-featured member. To this 
end, yoke member 198 includes a shoulder member 202, a 
post member 204, a C-shaped member 206, first and second 
cover mount members 208 and 210, a track member 212 and 
a cavity forming member 214. 

Shoulder member 202 is generally a semi-cylindrical 
member that forms an undersurface 216 and includes a lateral 
external Surface that forms a semi-circular shape. Post mem 
ber 204 is a substantially cylindrical member that extends 
from undersurface 216 to a distalend 220 and that tapers from 
undersurface 216 toward distal end 220. Here, the dimensions 
of post member 204 are such that member 204 is snugly 
receivable within the cavity formed by bushing 104. 

Referring still to FIGS. 12 and 13, a generally cylindrical 
end post member 222 extends from distal end 220 of post 
member 204 along axis 218 and forms a threaded aperture 
224 that also extends along axis 24. End post member 222 is 
dimensioned such that it can pass through opening 138 (see 
specifically FIG. 12) without contacting the edge that forms 
opening 138. 

C-shaped member 206, as the label implies, includes a 
rigid and generally C-shaped member where upper and lower 
distal ends thereof 226 and 228, respectively, extend up and 
away from and down and away from the lateral Surface of 
shoulder member 202, respectively. At upper distal end 226, 
member 206 forms a roller channel 230. Similarly, at lower 
distal end 228, member 206 forms a roller channel 232. The 
roller channels 230 and 232 are juxtaposed such that a line 
225 that passes through both channels (i.e., perpendicular to 
each channel) is parallel to axis 24 as illustrated in FIG. 12. 
Between upper distal end 226 and shoulder member 202, 
C-shaped member 206 forms a threaded opening 229 that 
extends along a trajectory generally directed at the roller 
channel 232 formed at the lower distal end 228. Cavity form 
ing member 214 extends from an internal Surface of C-shaped 
member 206 proximate roller channel 232 and forms a cylin 
drical recess 234 that is generally aligned with and opens 
toward threaded opening 229. 

Referring to FIGS. 12 through 15, track member 212 
extends from an internal surface of C-shaped member 206 
and forms a channel 236 that is parallel to and offset from the 
trajectory about which threaded opening 229 is formed. Thus, 
channel 236 is angled with respect to axis 24 as best illus 
trated in FIG. 12. 

Cover mount member 210 extends generally in the same 
direction as upper and lower distal ends 226 and 228 of 
C-shaped member 206 and generally from a midpoint of 
C-shaped member 206 to a distal end approximately midway 
between roller channels 230 and 232. Cover mount member 
210 forms a coupling point 238 at a distal end which, in the 
illustrated embodiment, includes a threaded aperture. Simi 
larly, cover mount member 208 extends from a midpoint of 
C-shaped member 206 to a distal end substantially midway 
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between roller channels 230 and 232 and forms a threaded 
aperture at a coupling point 240. Here, the threaded apertures 
formed at coupling points 238 and 240 are coaxial and mem 
bers 208 and 210 extend from C-shaped member 206 adjacent 
opposite lateral edges thereof (i.e., are located on opposite 
sides of track member 212). 

Referring to FIGS. 12 and 13, force adjustment subassem 
bly 200 includes an adjustment member 242, a thumb screw 
244, a washer 246, a cylinder 248, a slider member 250, a 
friction member 252 and a screw 254. Threaded cylinder 248 
is generally a hollow cylindrical member having first and 
second oppositely facing ends 256 and 258, respectively. An 
external surface 260 of cylinder 248 is threaded. The internal 
surface 262 of cylinder 248 that forms passageway 251 has 
sections that have two different cross-sectional characteris 
tics. To this end, referring specifically to FIG. 12, approxi 
mately the bottom three-quarter section of passageway 251 
which is labeled 264 is cylindrical. Referring also to FIGS. 13 
and 15, the top approximately one-quartersection of passage 
way 251 that is labeled 266 has a cross-shaped cross section. 
The lower end 258 of cylinder 248 has a reduced radius 
portion 268 that is dimensioned to be receivable within cylin 
drical recess 234 formed by member 214. 

Slider member 250 includes a torso member 270, a fin 
member 272 and first and second leg members 274 and 276, 
respectively. Torso member 270 forms a threaded opening 
278 where the thread has a pitch suitable for threading to 
external surface 260 of cylinder 248. Fin member 272 is 
integrally formed with torso member 270, extends laterally to 
one side thereof along a trajectory that is perpendicular to an 
axis about which threaded opening 278 is formed and is 
dimensioned to be receivable within track 236 (see FIGS. 12 
and 15). Similarly, leg members 274 and 276 are integrally 
formed with torso member 270 and extend laterally therefrom 
perpendicular to the axis about which opening 278 is formed. 
Leg members 274 and 276 extend in a direction opposite the 
direction in which fin member 272 extends, are parallel to 
each other and form a gap 280 therebetween. Leg member 
274 forms a hole 282 proximate a distal end. Similarly, leg 
member 276 forms a hole 284 proximate a distal end where 
hole 284 is aligned with hole 282 on opposite sides of gap 
280. 

Referring still to FIGS. 12 and 13, friction member 252 has 
the form of a washer including wing members that extend 
from opposite edge portions thereofpartially axially and par 
tially radially. Friction member 252 is sized such that, when 
member 252 is received within the bottom three-quarter sec 
tion 264 of passageway 251, the wings thereof are com 
pressed toward each other and member 252 is wedged within 
passageway 251 and stays in its position unless affirmatively 
forced into another position within passageway 251. 

Handle adjustment member 242 is a T-shaped member 
including a handle member 288 and a shaft 290 that extends 
at a right angle from a central portion of handle member 288 
and to a distalend 294. Proximate distalend 294, member 242 
forms four equispaced radially extending ribs collectively 
identified by numeral 296. The ribs 296 form a keyed cross 
shaped pattern when viewed in cross section where the cross 
shaped pattern mirrors the cross-shaped pattern formed by the 
top one-quarter section 266 of internal surface 251. Between 
handle member 288 and ribs 296, an intermediate section 298 
of shaft 290 is cylindrical and has a reduced radius. 

Referring still to FIGS. 12 and 13, thumb screw 244 is a 
disk shaped screw member that includes a threaded external 
surface 300 and that forms a central opening 302. Screw 244 
is receivable within threaded opening 229. 
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To assemble force adjustment subassembly 200, slider 
member 250 is positioned such that opening 278 is generally 
aligned with cylindrical recess 234 and so that fin member 
272 is received within channel 236. Next, cylinder 248 is slid 
through opening 229 and is threadably received within open 
ing 278. As cylinder 248 is rotated, slider member 250 moves 
upward along external surface 260. With slider member 250 
threaded at least part way onto cylinder 248, shaft 290 is slid 
through the openings formed by thumb screw 244 and washer 
246 and is slid through opening 229 and into passageway 251 
formed by cylinder 248. Next, with end 268 of cylinder 248 
positioned to one side of recess 234, screw 254 and friction 
member 252 are fed into the end of the distal cylinder channel 
and screw 254 is threaded into an opening formed at distalend 
294 of shaft 290. Continuing, cylinder 248 is pushed upward 
until lower end 268 clears member 214 and is placed within 
cylindrical recess 234. Screw 244 is threadably received and 
tightened in opening 229. 

Referring specifically to FIG. 13, in at least some embodi 
ments, a handle receiving recess is formed in an external 
surface of C-shaped member 206 adjacent opening 229 for, as 
the label implies, receiving handle member 288 when adjust 
ment member 242 is in a stowed position. In the illustrated 
embodiment, receiving recess 304 is an elongated recess for 
receiving member 288. Referring also to FIG. 12, in the 
illustrated embodiment, handle member 288 includes a lip or 
edge 306 useable to pull adjustment member 242 upward into 
a force adjusting position (see FIG. 14). 

Referring now to FIGS. 12 and 14, it should be appreciated 
that adjusting member 242 is forcible down into the stowed 
position as illustrated in FIG. 12 where handle member 288 is 
received within handle receiving recess 304 and where ribs 
296 are disposed within the lower cylindrical portion 264 of 
passageway 251. To use adjusting member 242 to modify an 
upper arm counterbalancing force, edge 306 is pulled upward 
as indicated by arrow 307 in FIG. 14 until ribs 294 are 
received within the upper cross-shaped portion 266 of pas 
sageway 251. Here, as adjusting member 242 is pulled 
upward, friction member 252 follows and performs two func 
tions. First, friction member 252 stops the user from pulling 
adjusting member 242 completely out of cylinder 248 when 
friction member 252 moves to the lower edge of the cross 
shaped section of passageway 251. Second, friction member 
252 applies a force on the internal surface 264 of cylinder 248 
that maintains adjusting member 242 in a current position 
until adjusting member 242 is affirmatively forced into some 
other position. 

With ribs 296 received in the cross-shaped section of pas 
sageway 251, when handle member 288 is rotated as indi 
cated by arrow 309, shaft 290 and cylinder 248 follow suit and 
rotate. As cylinder 248 rotates, slider member 250 moves 
upward (see arrow 311) or downward therealong with fin 
member 272 journaled in channel 236, depending on which 
way member 288 is rotated. 

Referring to FIGS. 11, 16 and 18, first yoke member 180 
includes a shoulder member 310, a C-shaped member 312 
and first and second cover mount members 314 and 316, 
respectively. Shoulder member 310 is generally a semi-cylin 
drical member including a top surface 318, an undersurface 
320 (see FIG. 5) and a semi-cylindrical lateral surface 322. 
Shoulder member 310 forms an opening 324 centered on 
second vertical axis 30that extends between the top and under 
surfaces 318 and 320, respectively. 

C-shaped member 312, as the label implies, includes a 
rigid generally C-shaped member that is integrally formed 
with shoulder member 310 at a central portion and that 
includes upper and lower distal ends 326 and 328 that extend 
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upward and away from and downward and away from shoul 
der member 310, respectively. At upper distal end 326, mem 
ber 312 forms a roller channel that is perpendicular to the axis 
308 about which opening 324 is formed. Similarly, member 
312 forms a roller channel 332 at lower distal end 328 that is 
parallel to roller channel 330. Channels 330 and 332 are 
juxtaposed such that a line 331 that passes through both 
channels (i.e., perpendicular to each channel) is parallel to 
axis 30 as illustrated in FIG. 16. In the illustrated embodi 
ment, the distance between channels 330 and 332 is identical 
to the distance between channels 230 and 232. 

Referring still to FIG. 11, cover mount member 314 
extends from a midsection of C-shaped member 312 in the 
same general direction as distal ends 326 and 328 adjacent a 
lateral edge of member 312. Member 314 extends to a distal 
end where, in the illustrated embodiment, a threaded aperture 
is formed at a coupling point 334. Similarly, cover mount 
member 316 extends from a midsection of C-shaped member 
312 adjacent to lateral edge of member 312 generally in the 
same direction as distalends 326 and 328 to a distalend where 
a threaded aperture is provided at a coupling point 336. The 
coupling points 334 and 336 are located generally midway 
between roller channels 330 and 332 (i.e., midway along the 
straight line 331 that passes through both channels 330 and 
332). 

Referring to FIGS. 11 and 16, upper link member 184 is a 
rigid flat and planer member having first and second ends 338 
and 340, respectively. A first lateral edge 342, a second lateral 
edge 344, a top surface 346 and an undersurface 348. Link 
member 184 forms a first separated pair of roller channels 350 
at first end 338 and a second pair of separated roller channels 
352 at second end 340. The channels of pair 350 are spaced 
apart such that channel 230 (see FIG. 12) is receivable ther 
ebetween. Similarly, the channels of pair 352 are separated 
such that channel 330 is receivable therebetween. 

Proximate second end 340, a pair of leg members 354 (only 
one illustrated) extend from undersurface 348 of link member 
184. Leg members 354 are parallel and form a gap (not 
illustrated) therebetween. Each of the leg members 354 forms 
an opening 356 (one illustrated in FIG. 11) and the openings 
356 are aligned axially. 
Lower link member 186 is a generally flat, planer and rigid 

member having dimensions similar to those of upper link 
member 184. To this end, link member 186 includes a first end 
362, a second end 364, a first lateral edge 366, a second lateral 
edge 368, a top surface 370 and an undersurface 372. Link 
member 186 forms a first separated pair of roller channels 
identified by numeral 374 at first end 362 and a second sepa 
rated pair of roller channels 376 at second end 364. Here, 
referring also to FIG. 12, channels 374 are separated by a gap 
such that roller channel 232 is receivable therebetween. Simi 
larly, channels 376 are separated by a gap Such that channel 
332 (see FIG. 11) is receivable therebetween. Openings 378 
and 380 are formed through link member 186 and generally 
equispaced along the length thereof for receiving mounting 
portions of retaining members 194. In the illustrated embodi 
ment, apertures 378 and 380 are each generally square in 
shape. 

Referring again to FIGS. 11 and 16, spring 188 is a gas 
spring that includes first and second ends 384 and 386 where, 
when end 384 is forced toward end 386, the spring becomes 
loaded and applies a force in the opposite direction. Spring 
188 forms apertures 388 and 390 at first and second ends 384 
and 386, respectively. 

Referring still to FIG. 11 and also now to FIG. 17, first 
cover member 190 is, in general, a rigid and substantially flat 
member that includes a central rectilinear portion 392 and 
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first and second semi-circular portions 394 and 396 at oppo 
site short ends of the rectilinear portion 392. Portions 392, 
394 and 396 are integrally formed in at least some embodi 
ments. Member 190 forms a first opening 398 that is, in at 
least some embodiments, aligned with an axis of first semi 
circular portion 394. Similarly, member 190 forms a second 
opening 400 that is axially aligned with second semi-circular 
portion 396. The curved edges of semi-circular portions 394 
and 396 are dimensioned to be similar to the curved contours 
formed by C-shaped members 206 and 312. 

Referring still to FIGS. 11 and 17, in at least some embodi 
ments, a central portion 402 of cover member 190 that 
includes the portion that forms openings 398 and 400 is 
recessed so that an internal surface 393 of member 190 forms 
a raised central portion 395. Cover member 190 mounts via 
two small screws 430 to the threaded apertures at coupling 
points 240 and 334 (i.e., screw shafts 430 extended through 
openings 400 and 430 and are secured at points 240 and 334). 
When cover member 190 is mounted at coupling points 240 
and 334, a gap 434 exists between an internal surface 393 of 
cover member 190 and adjacent lateral edges of C-shaped 
members 206 (see FIG. 13) and 312 (see FIG. 11) and adja 
cent lateral edges 342 and 366 of link members 184 and 186. 
Thus, during relative movement of upper arm subassembly 18 
components, cover 190 simultaneously rotates about cou 
pling points 240 and 334 and does not bind with edges of 
adjacent components. 

Referring still to FIGS. 11 and 17, second cover member 
192 has a configuration similar to that of first cover member 
190, and therefore, in the interest of simplifying this expla 
nation, the detail of cover member 192 will not be described 
here. Instead, it should suffice to say that second to cover 
member 192 includes a rectilinear portion 404, a first semi 
circular portion 406 and a second semi-circular portion 408, 
forms first and second openings 410 and 412, respectively, 
and may include a raised central portion 397 so that the 
central portion 397 is offset from an edge portion such that 
when cover member 192 is mounted at coupling points 238 
and 336, cover member 192 does not bind with adjacent 
lateral edges of members 206, 312, 184 and 186 during com 
ponent movement. 

Referring to FIGS. 11 and 16, retaining members 194 may 
take any of several different forms. In the illustrated embodi 
ment, retaining members 194 each comprise a C-shaped hook 
that extends down from a mounting post 415 where the 
mounting posts 415 are configured to be press fit into aper 
tures 378 and 380 formed by lower link member 186. When 
retaining members 194 are mounted to link member 186, the 
hook portions thereof extend downwardly from undersurface 
372. 

Referring to FIGS. 11, 12 and 13, to assemble upper arm 
subassembly 18, after force adjustment subassembly 200 has 
been installed as described above, roller channel pair 350 is 
aligned with roller channel 230 and a dowel pin 414 is forced 
through the aligned passage formed thereby to secure first end 
338 of upper link member 184 to upper distal end 226. Simi 
larly, roller channel pair 374 is aligned with roller channel 
232 and a dowel pin 416 is forced through the resulting 
aligned passage to secure first end 362 of member 186 to 
lower distal end 228. In addition, a dowel pin 418 is used to 
secure channel pair 352 to channel 330 and another dowel pin 
420 is used to secure channel pair 376 to roller channel 332 
thereby forming a four bar mechanism. 

Next, referring to FIGS. 11 and 16, aperture 388 formed at 
first end 384 of spring 188 is aligned with openings 282 and 
284 formed in slider leg members 274 and 276, respectively, 
a pin 422 is slid through the aligned aperture and openings 
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and a C-clamp washer 424 is secured to a distal end of pin 
422. Similarly, second spring end 386 is positioned between 
leg members 354 so that openings 356 formed by leg mem 
bers 354 are aligned with aperture 390. A pin 426 is slid 
through the aligned openings 356 and aperture 390 and a 
C-clamp washer 428 is attached to the distal end to secure pin 
426 within the openings and aperture. Continuing, retaining 
members 194 are attached to link member 186 by pressing 
mounting posts 415 into apertures 378 and 380 such that 
hooks formed thereby extend below undersurface 372 of 
member 186. 

Referring once again to FIGS. 1, 11 and 17, cover members 
190 and 192 are mounted to mount members 208, 210, 314 
and 316 via four screws collectively identified by numeral 
430. To this end, the shafts of two of the screws 430 pass 
through openings 410 and 412 formed in cover member 192 
and are received in threaded apertures formed at coupling 
points 238 and 336, respectively. Similarly, the shafts of the 
other two screws 430 pass through openings 398 and 400 
formed by cover member 190 and into threaded apertures at 
coupling points 240 and 334. When cover members 190 and 
192 are mounted, the cover members generally close the 
space between link members 184 and 186 and, in at least 
some embodiments, the small gaps best illustrated in FIG. 15 
and identified by numerals 434 and 436 are formed between 
lateral edges of link members 184 and 186 and lateral edges of 
C-shaped members 206 and 312 and facing lateral edges of 
cover members 190 and 192 so that cover members 190 and 
192 do not bind with other components during relative move 
ment. 

Referring once again to FIG. 1 and also to FIGS. 19, 20 and 
21, pan/tilt subassembly 20 includes a tilt subassembly 622 
and a pan assembly 620. Tilt subassembly 622 includes, 
among other components, an upper disk member 440, a lower 
disk member 442, a first washer 444, a second washer 446, a 
first elbow link member 448, a second elbow link member 
450, a first mount member 452, a first binder clamp 454 and 
a second binder clamp 456. 
Upper disk member 440 includes a generally flat circular 

member 472 and a post 478. Circular member 472 includes a 
top surface 474 and an oppositely facing bottom surface 476. 
Post 478 extends from a central portion of bottom surface 
476, has a cylindrical shape and has a radial dimension Such 
that post 478 is snugly receivable within a top portion of 
opening 324 formed by shoulder member 310. Post 478 forms 
a threaded opening in a distal end thereof. On top surface 474, 
circular member 472 forms a pair of spaced apart and aligned 
roller channels 482 that are perpendicular to an axis about 
which opening 480 is formed. 
Lower disk member 442 is configured in a similar fashion 

to upper disk member 440 and therefore, in the interest of 
simplifying this explanation, will not be described here in 
detail. It should suffice to say that lower disk member 442 
includes a flat circular member 484, a post member 486 
dimensioned to be receivable within a lower portion of open 
ing 324 formed by shoulder member 310 and a pair of spaced 
apart roller channels 488 (only one illustrated). One differ 
ence between disc members 440 and 442 is that, instead of 
forming a threaded opening 480, lower disc member 442 
forms a recessed opening 600 that passes axially through disc 
shaped member 484 and post 486. When each of posts 478 
and 486 is received in shoulder member opening 324, opening 
600 is aligned with threaded opening 480. 

Referring to FIGS. 18 and 19, elbow link member 450 
includes first and second flat rigid members 500 and 502. 
Members 500 and 502 are integrally formed along a common 
edge such that member 502 extends away from member 500 
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at an angle where angle is greater than 90 degrees in at 
least some embodiments. In the illustrated embodiment, 
angle is approximately 110 degrees. At a proximal end, link 
member 450 forms a single roller channel 504 where channel 
504 has a length dimension such that it is receivable within the 
space formed between the pair of roller channels 488 formed 
by lower disk member 442. At a distal end opposite roller 
channel 504, member 450 forms a pair of aligned and spaced 
apart roller channels 506. Member 502 forms a threaded 
aperture 508 that extends there through and that is generally 
located between the channels of pair 506. 

Elbow link member 448 is similar in construction and 
operation to link member 450 and therefore, in the interest of 
simplifying this explanation, is not described here in detail. It 
should suffice to say that elbow link member 448 includes 
first and second integrally formed members 496 and 498 that 
form an angle therebetween where a single roller channel 
510 is formed at a proximal end and a pair of aligned spaced 
apart roller channels (only one identified by numeral 512 in 
FIG. 16) are formed at a distal end and where a threaded 
aperture 514 is formed by second member 498 proximate the 
distal end and generally between the channels of pair 512. 

Binder clamps 454 and 456 are identical and therefore only 
clamp 456 is described here in any detail. Clamp 456 is 
generally a stamped elongated metal piece where one end 
thereof is formed into a C-shape and the other end is flat. 
Clamps 454 and 456 form holes at the flat ends. 

Referring to FIGS. 18 through 20, first mount member 452 
is a multi-featured integrally formed member which, in at 
least some embodiments, will be formed of molded plastic. 
Member 452 is generally a flat member including a front 
surface 518, a rear surface 520, atop edge 522, a bottom edge 
524 that forms a latch surface, a first lateral edge 526 and a 
second lateral edge 528. Mount member 452 forms an upper 
pair of aligned and separated roller channels 530 and a lower 
pair of aligned and separated roller channels 532 where the 
channel pairs 530 and 532 are parallel and are separated with 
pair 530 relatively closer to top edge 522 and pair 532 rela 
tively closer to bottom edge 524. For example, in at least some 
embodiments, pairs 530 and 532 may be separated by one or 
more inches. Pair 532 forms a gap therebetween such that 
roller channel pair 506 formed by member 450 is receivable 
therebetween. Similarly, pair 530 forms a gap therebetween 
such that the roller pair 512 formed by member 448 is receiv 
able therebetween. Referring specifically to FIG. 18, in the 
illustrated embodiment channel pairs 530 and 532 are closer 
together than are channel pairs 482 and 488 when disc mem 
bers 440 and 442 are mounted to shoulder member 310. 
Where pairs 530 and 532 are closer than pairs 440 and 442, 
dual movement (i.e., tilting and height adjustment) results as 
member 452 moves with respect to disc members 440 and 442 
as is described in greater detail below with reference to FIG. 
24. 

Each of first and second lateral edges 526 and 528 taper 
toward each other from bottom edge 524 toward top edge 522 
and form bearing Surfaces. In addition, each of lateral edges 
526 and 528 taper toward each other from front surface 518 
toward rear surface 520. Referring specifically to FIG. 20. 
front surface 518 forms an elongated channel 534 that sepa 
rates surface 518 into halves, that is generally equidistant 
from edges 526 and 528 and that extends from upper edge 522 
to lower bottom edge 524. At lower edge 524, a ramp 525 
tapers from a base surface 527 of the channel 534 toward front 
surface 518 and terminates at lower edge 524. 

Referring once again to FIGS. 18 and 19, to assemble tilt 
subassembly 622 and mount subassembly 622 to the distal 
end of upper arm Subassembly 18, the following process is 
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performed. First, post 478 of upperdisk member 440 is placed 
through the opening formed by washer 444 and is received 
within the upper half of opening 324 formed by shoulder 
member 310. Next, post 486 of disk member 442 is placed 
through the opening formed by washer 446 and is received 
within the lower half of opening 324 formed by shoulder 
member 310. The shaft of a threaded screw 598 is fed up 
through opening 600 formed by lower disk member 442 and 
is threadably received within opening 480. 

Continuing, channel pair 506 is positioned between chan 
nel pair 532 formed by mount member 452 and a dowel pin 
606 is forced through the aligned passageway to mount elbow 
link member 450 to mount member 452. Similarly, a dowel 
pin 608 is used to mount elbow link member 448 to mount 
member 452 via channel pairs 512 and 530. 

Next, the C-shaped portion of binder clamp 456 is placed 
around the portion of dowel pin 606 that resides between the 
channels of pair 506 and the shaft of a small screw 604 is 
passed through the hole formed by binder clamp 456 and into 
opening 508 to secure clamp 456 to member 450. Similarly, a 
small screw 602 secures binder clamp 454 to member 498 via 
hole 514. 

Roller channel 510 is positioned between the channels of 
pair 482 and a dowel pin 610 is forced through the aligned 
passageways to secure member 448 to disk member 440. 
Similarly, a dowel pin 612 is used to secure elbow link mem 
ber 450 to lower disk member 442 via channel 504 and 
channel pair 488. At this point, subassembly 622 will appear 
as in FIG. 20. 

Referring to FIGS. 18-21 and 21A, pan subassembly 620 
includes a second mount member 458, a rotating plate 460, a 
leaf spring or latch member 462, a rivet 464, a washer 466, 
another washer 468 and a lock screw 470. Second mount 
member 458 is a multi-featured integral member that, in at 
least some embodiments, is formed of molded plastic. Mem 
ber 458 includes a central member 544, a track member 538 
and first and second channel members 540 and 542, respec 
tively. Central member 544 includes afront surface 556, a rear 
surface 560 and lower edge 564. Central member 544 forms 
a central opening 546. Rear surface 560 forms a recess about 
opening 546 that extends to bottom edge 564. Channel mem 
bers 540 and 542 extend from rear surface 560 and are located 
on opposite lateral sides of recess 562. Channel member 540 
forms a first channel 548 while channel member 542 forms a 
second channel 550 where channels 548 and 550 generally 
include oppositely facing first and second bearing Surfaces 
552 and 554, respectively. While bearing surfaces 552 and 
554 are generally parallel, in the illustrated embodiment, 
surfaces 552 and 554 converge toward each other at top ends 
551 and 553 and, in at least some embodiments, form a space 
therebetween that compliments (e.g., mirrors) the form 
defined by oppositely facing lateral edges 526 and 528 of first 
mount member 452. Thus, first mount member 452 is receiv 
able within the space between channel members 540 and 542. 

Referring to FIG. 21A, track member 538 is a generally 
C-shaped member that circumscribes central member 544 
where the arc in the C-shaped member is open near bottom 
edge 564 of central member 544. Track member 538 forms a 
recessed track 565 along its C-shaped length that is equidis 
tant from opening 546 and that opens to a front side (i.e., 
opens in the same direction that front surface 544 faces). 
Track 565 is limited at opposite ends by stop surfaces 567 and 
569 

Leaf spring or latch member 462 is an elongated metal 
spring member having a proximal end 568, distal end 570 and 
a central portion between the ends. Spring 462 forms an 
opening 572 at proximal end 568 and forms a finger member 
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574 at the central portion that extends outward near distal end 
570. Proximal end 568 is dimensioned to be receivable within 
recess 562 formed by central member 544 so that distal end 
570 can extend therefrom past lower edge 564 (see specifi 
cally FIG. 20). 

Rotating plate 460 is a rigid square and essentially flat 
member having a top edge 578, a bottom edge 580, a first 
lateral edge 582, a second lateral edge 584, a front surface 
(not labeled) and a rear surface 588. Plate 460 forms four 
mounting apertures collectively identified by numeral 590, a 
separate aperture 590 proximate each of the four plate cor 
ners. In addition, plate 460 forms a central opening 592 
which, in the illustrated embodiment, is surrounded by a 
recessed front Surface (again, the front Surface not illustrated) 
such that a raised portion 594 circumscribes opening 592 on 
rear surface 588. A finger member 596 extends from rear 
surface 588 adjacent top edge 578 equidistant between aper 
tures 590 on either side thereof. A dimension between open 
ing 592 and finger member 596 is similar to the dimension 
between second mount member opening 546 and recessed 
track 565 (see FIGS. 21 and 21A) such that, when openings 
592 and 546 are aligned, finger member 596 is aligned with 
and receivable in track 565. 

Referring now to FIGS. 18 and 21, to assemble pan subas 
sembly 620, proximate end 568 of spring 462 is positioned 
within recess 562 so that openings 568 and 546 are aligned 
and so that distal end 570 extends through recess 562 and 
generally away from bottom edge 564. Next, washer 468 is 
sandwiched between raised portion 594 and a facing surface 
of member 458 such that the washer opening as well as central 
opening 592 are aligned with openings 546 and 572. Rivet 
464 and washer 466 are used to secured all of the other 
components together by passing the shaft of rivet 464 through 
the aligned openings. After rivet 464 is secured, pan Subas 
sembly 620 will appear as in FIG. 20. 

Referring to FIGS. 18 and 20, pan subassembly 620 is 
mountable and dismountable from tilt subassembly 622 as 
follows. To mount pan subassembly 620. Subassembly 620 is 
positioned so that channels 550 and 548 formed thereby are 
above tapered lateral edges 528 and 526, respectively, with 
finger member or latch 574 aligned with channel 534. Sub 
assembly 620 is lowered until finger member 574 slides over 
ramp 525 which compresses spring 462 (see phantom in FIG. 
18) as lateral edges 526 and 528 enter channels 548 and 550. 
Eventually, finger member 574 passes below lower edge 524 
and spring 462 springs back to a normal position where finger 
member 574 is adjacent lower edge 524. At this point, lateral 
edges 526 and 528 bear against surfaces 552 and 554 and are 
retained in channels 548 and 550 and finger member 574 
holds subassembly 620 to first mount member 452. 

To disconnect pan subassembly 622 from tilt subassembly, 
a user pushes distal end 570 of spring 462 toward rear surface 
588 (see phantom in FIG. 18) until finger member 574 clears 
ramp member 525. Once finger member 574 clears ramp 
member 525, the user is free to lift subassembly 620 upward 
to disconnect. 

Next an assembly process to connect base Subassembly 14 
to a Supporting structure (e.g., the edge of work Surface), to 
connect lower arm subassembly 16 to base subassembly 14 
and to connect upper arm Subassembly 18 to lower arm Sub 
assembly 16 is described. 

Referring once again to FIGS. 2, 4 through 6, 9 and 10, 
prior to mounting base Subassembly 14 to a work Surface and 
the like, lower arm subassembly 16 is mounted to base sub 
assembly 14. To this end, bushing 46 is placed in cavity 56 and 
the lower end of arm subassembly 16 including post 116 is 
placed within bushing cavity 90. Here, once post 116 is gen 
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erally within cavity 90, arm subassembly 16 should be rotated 
about first vertical axis 22 until key 130 drops down into the 
space between stop surfaces 60 and 62 (see specifically FIG. 
6) and end post 124 drops down through opening 49 (see 
specifically FIGS. 9 and 10). Arm subassembly 16 is forced 
downward until flange 86 is sandwiched between upper edge 
64 of cup-shaped member 54 and limiting surface 118 (see 
FIGS. 9 and 10). When so positioned so that bushing 46 has 
been forced into opening 56 the maximum amount, ribs 92 on 
the external Surface of bushing 46 compress and deform at 
least somewhat to compensate for imperfect component 
form. As seen in FIG. 10, the threaded shaft of a bolt 624 is 
received in threaded opening 128 with a bolt headbutting up 
against a Surface that circumscribes opening 49 to secure 
subassembly 16 to subassembly 14. 

Referring still to FIGS. 4 and5, to secure base subassembly 
14 to a work surface or the like, the shaft of threaded tight 
ening rod 42 is received within the opening formed by mem 
ber 76 of clamp member 40. Next, clamp member 40 is 
secured to extension member 28 via screws 78 and one of the 
pairs of threaded apertures 70 or 72, depending upon work 
surface thickness. Foot member 43 is disposed on the distal 
end of rod 42. Continuing, subassembly 14 is moved to the 
edge of a Supporting work Surface and is slid toward the edge 
such that the edge is received between foot member 43 and 
foot members 44. Tightening rod 42 is rotated to force foot 
member 43 into contact with the bottom of the work surface 
such that the work surface is clamped between foot member 
44 and foot member 43. 

Referring now to FIGS. 8 and 12, to mount upper arm 
assembly 18 to lower arm assembly 16, bushing 104 is placed 
in cavity 144, post member 204 is placed within the cavity 
formed by bushing 104 and is forced along second vertical 
axis 24 until end post member 222 extends through opening 
138. Again, as post member 204 is forced into the bushing 
cavity, the bushing ribs 146 deform to compensate for com 
ponent imperfections. The threaded shaft of a bolt 626 is 
received within threaded opening 224 with the bolt head 
butting up againsta Surface circumscribing opening 138. Bolt 
626 is tightened to secure subassembly 18 to subassembly 16. 

Referring once again to FIG. 20, to secure pan Subassem 
bly 620 to a rear surface of a display, apertures 590 are aligned 
with similarly spaced apertures on the rear surface of the 
display and the shafts of four screws (not illustrated) are 
passed through apertures 590 and are received within the 
similarly arranged holes in the rear Surface of the display. 

Referring again to FIGS. 2.5 and 8, after subassemblies 14, 
16, 18 and 20 have been configured as described above, power 
and data cables/wires 710 (see phantom in FIGS. 2 and 22) for 
display 12 can be routed from below the support surface to 
display 12 through opening 170 and into lower arm cavity 
148, out of cavity 148 through opening 172, through the 
C-shaped hook portions of retaining members 194 and to rear 
surface hook-ups on display 12. To help feed the cables/wires 
710 through cavity 148, cover member 158 can be removed 
and Subsequently replaced. 

Referring now to FIGS. 2 and 3, it should be appreciated 
that arm assembly 10 can be used to position display 12 in 
many different positions. Referring also to FIG.22, a user can 
apply a force to move display 12 upward or downward (not 
illustrated) without tilting display 12 and upper arm Subas 
sembly 18 will accommodate the movement within a range 
(e.g., 4-7 inches upward or downward) as illustrated by arrow 
708. After raising or lowering, when display 12 is released, 
referring also to FIG. 16, counterbalancing spring 188 oper 
ates to maintain Subassembly 18 components in the released 
position (i.e., spring 188 increases position maintenance). 



US 8,794,579 B2 
29 

Spring 188 also aids in raising movements and tends to 
impede lowering movements so that a user has a greater 
feeling of control during these activities. 

Referring to FIGS. 2 and 6 and also to FIG. 23, lower arm 
subassembly 16 is rotatable about first vertical axis 22 as 
illustrated by arrow 700 within the range allowed by key 130 
and stop surfaces 60 and 62. Thus, as shown in phantom in 
FIG. 6, when key 130 contacts surface 62, lower arm subas 
sembly rotation is limited. In the illustrated embodiment 
lower arm rotation about axis 22 is limited to approximately 
180 degrees. 

Referring to FIGS. 1 and 23, upper arm subassembly 18 is 
rotatable about second vertical axis 24 through 3600 while 
pan/tilt subassembly 20 is rotatable about third vertical axis 
30 through approximately 180°. 

Referring to FIGS. 10 and 24, tilt subassembly 622 enables 
first mount member 452 and components (e.g., display 12) 
mounted thereto to tilt upward (as illustrated) and downward 
(not illustrated) through a range of approximately t25°. 
respectively. The elbow link design enables easy and minimal 
effort tilting action while still facilitating extremely stable 
position maintenance (i.e., the display stays in any set posi 
tion after being released). Here, it should be appreciated that 
tilt subassembly 622 is designed so that display 12 rotates 
about a horizontal axis that resides in front of rear surface 34 
when tilting action occurs as opposed to rotating about an axis 
where elbow members 448 and 450 are linked to shoulder 
member 310. Thus, as illustrated in FIG. 24, as a top edge of 
display 12 is moved forward and a bottom edge is moved 
rearward, elbow links 448 and 450 also cause display 12 to 
move upward. Similarly, as the top edge of display 12 is 
moved rearward and the bottom edge is moved forward, 
elbow links 448 and 450 cause display 12 to move downward 
(not illustrated). This dual movement action is ergonomically 
advantageous as tilting action causes display rotation that is 
more appropriate given the location of a display user (i.e., the 
display tends to rotate about the location of a user's eyes as 
opposed to tilting about an axis that is rearward from the 
viewing Surface). 

Referring to FIGS. 1, 2, 21 and 25, display 12 can be 
rotated about horizontal axis 32 to change display orientation 
from landscape to portrait. Here, when a user grasps and 
rotates display 12 about axis 32, rotating plate 460 rotates 
along with display 12 and relative to second mount member 
458 (i.e., about the shaft of rivet 464). Referring also to FIG. 
21A, as plate 460 rotates about axis 32, finger member 596 
moves within track 565. Eventually, member 596 contacts 
one of stop surfaces 567 or 569 and rotation is limited. In at 
least some embodiments member 596 and surfaces 567 and 
569 limit rotation to approximately 180° (i.e., 90° in either 
direction from a central landscape orientation of display 12). 

Referring again to FIGS. 12, 14 and 16, to adjust the 
counterbalancing force applied by spring 188, a user pulls up 
on edge 306 so that member 242 moves into the force adjust 
ing position illustrated in FIG. 14. Then, as handle member 
288 is rotated (see arrow 309 in FIG. 14), proximal end 384 of 
spring 188 moves along with slider member 250 along rotat 
ing member 248. As end 384 moves upward (see phantom in 
FIG.16), the applied spring force increases and hence heavier 
displays can be supported. Referring also to FIG. 2, where a 
particularly heavy display 12 is to be Supported, it is contem 
plated that cover members 190 and 192 may be removed to 
expose spring 188 and spring 188 may then be replaced by a 
more forceful spring mechanism. 

In at least some cases, it is contemplated that the mounting 
holes in the rear Surface of a display will have a spacing 
arrangement that is different than the arrangement of aper 
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tures 590 formed by plate 460. In fact, two hole spacing 
standards have emerged. A first hole spacing standard 
includes holes spaced 75 mm apart while the second standard 
includes holes spaced 100 mm apart. 

Referring again to FIG. 21, according to one aspect of at 
least some embodiments, where apertures 590 are 75 mm 
apart, an adapter plate 455 may be provided that can be 
positioned between a rear surface of a display and plate 460 to 
accommodate 100 mm hole spacing. To this end, exemplary 
adapter plate 455 is a square, flat and rigid member having a 
rear surface 477 that forms four apertures collectively iden 
tified by numeral 475. Apertures 475 form a square where 
adjacent apertures are separated by 100 mm. Four threaded 
pem studs collectively identified by numeral 479 extend from 
rear surface 477 and define a square that is 75 mm on each 
side. Thus, studs 479 align with apertures 590 formed by plate 
460. To mount plate 455 to plate 460, studs 479 are placed 
through apertures 590 and nuts 483 (only three shown) are 
tightened thereon. The exemplary adapter plate 455 including 
studs 479 is considered advantageous over an adapter plate 
that includes holes instead of studs and that requires bolts to 
mount plate 455 to plate 460 as bolt heads or associated nuts 
would have to be positioned between the rear surface of 
display 12 and the adapter plate 455 in that case and hence a 
flat adapterplate could not be flush up against the rear display 
Surface. 

Referring again to FIG. 23, it should be appreciated that, 
when desired, lower arm subassembly 16 may be rotated to a 
point where subassembly 16 extends parallel to a support 
surface edge 716 to which it is mounted, upper arm subas 
sembly 18 can be rotated to a position where subassembly 18 
generally extends above subassembly 16 and subassembly 20 
and display 12 can be rotated so that display 12 is generally 
parallel to edge 716 thereby moving display into a stowed 
position in front of edge 716 yet generally out of the way of a 
work surface user. When display 12 is to be used, the user can 
simply grasp display 12 and move display 12 to a desired 
position? orientation. 

Referring again to FIG. 5, one additional advantage asso 
ciated with assembly 10 is that, if desired, lower arm subas 
sembly 16 can be removed and upper arm subassembly 18 can 
be mounted directly to base subassembly 14. This configura 
tion flexibility is facilitated by the fact that the coupler con 
figurations for coupling upper arm Subassembly 18 to lower 
arm subassembly 16 and subassembly 16 to base subassem 
bly 14 are compatible. That is, either of the coupler at the 
proximal end (e.g., the lower end) of subassembly 16 or the 
proximal end (e.g., the right most end in FIG. 5) of subassem 
bly 18 is receivable within the cavity formed by bushing 46. 
Thus, couplers 54 and 108 are both of a first construction and 
couplers 116 and 204 are both of a second construction where 
either of the couplers 116 and 204 is receivable within either 
of the couplers 54 and 108. An exemplary application where 
the lower arm subassembly may not be required is where base 
subassembly 14 is to be mounted to the edge of a shelf or the 
like. 

Referring now to FIG. 26, in at least some embodiments it 
is contemplated that an alternate arm subassembly 720 may 
be provided as part of a larger arm kit including the Subas 
semblies 14, 16, 18 and 20 described above where several 
different combinations of subassemblies could be configured 
depending on specific application requirements. In this 
regard, it is contemplated that alternate subassembly 720 
could be used to replace subassembly 18 when vertical dis 
play adjustability is not required. Referring also to FIG. 5, 
subassembly 720 includes components akin to the proximal 
and distal portions of subassembly 18 but does include the 
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four bar configuring components that are intermediate the end 
portions. More specifically, subassembly 720 includes proxi 
mal and distal shoulder members 722 and 724 that areakin to 
shoulder members 202 and 310 in FIG. 5 where shoulder 
members 722 and 724 are integrally formed. As in the case of 5 
subassembly 18, a post member 726 and an end post member 
728 extend from an undersurface of proximal should member 
722 and have dimensions identical to the dimensions of post 
members 204 and 222, respectively. Although not illustrated, 
distal shoulder member 724 forms an opening that is identical 10 
to opening 324 formed by shoulder member 310. Thus, pan/ 
tilt subassembly 20 is optionally couplable to shoulder mem 
ber 724 as illustrated in FIG. 26. 

Referring still to FIG. 26 and also to FIG. 5, with pan/tilt 
subassembly 20 mounted to alternate subassembly 720, posts 15 
726/728 may be received within bushing 104 at the upper/ 
distal end of lower arm subassembly 16 to configure one 
alternate configuration. Similarly, posts 726/728 may be 
received in bushing 46 to mount subassembly 720 directly to 
base Subassembly 14 to configure another alternate configu- 20 
ration. 

Referring now to FIGS. 27 and 28, alternate base subas 
semblies 740 and 750 are illustrated. In FIG. 17, alternate 
base subassembly 740 includes a cup shaped member 742 
akin to cup shaped member 54 in FIG. 5 that forms a cavity 25 
744 dimensioned to receive bushing 46. In addition, subas 
sembly 740 includes a lateral extension member 746 that 
extends from member 742 and a slat wall mounting subas 
sembly 748 for mounting to a slat wall and slat wall features 
generally are known in the art and therefore subassembly 748 30 
is not described here in detail. It should suffice to say here that 
slat wall is typically a vertical structure including rails (see 
phantom) and subassembly 748 is releasably mountable 
thereto. Here, any of subassemblies 16, 18 or 720 may be 
mounted to cup-shaped member 742 for rotation about a 35 
Vertical axis. 

In FIG. 28, subassembly 750 includes a cup-shaped mem 
ber 752 akin to member 54 in FIG. S. Member 752 forms a 
cavity 754 for receiving bushing 46. A lateral extension mem 
ber 756 extends laterally from member 752 and a mounting 40 
plate 758 is secured to the distalend of member 756. Plate 758 
forms screw holes collectively identified by numeral 760 for 
mounting subassembly 750 to a wall structure. Here, any of 
subassemblies 16, 18 or 720 may be mounted to member 752 
for rotation about a vertical axis. 45 

Referring now to FIGS. 29 through 31, a second embodi 
ment 1000 of a lower arm assembly is illustrated that includes 
several features that facilitate display screen movementactiv 
ity that is particularly advantageous. More specifically, refer 
ring again to FIG.3, with the assembly oriented as illustrated, 50 
if a display user wants to push the display screen 12 away 
from the user and pushes on the right side (i.e., the lower side 
as illustrated) of the screen 12, screen 12 rotates at 20 about 
the distal endofupper arm assembly 18 in a counterclockwise 
direction (as illustrated in FIG. 3) which causes upper arm 55 
assembly 18 to rotate in a clockwise direction. Referring still 
to FIG.3 and also to FIGS. 29-31, as upper arm assembly 18 
makes a slight angle with the lower arm assembly, a linkage 
formed between a yolk member 1191, an upper linkage post 
1189, an intermediate linkage 1101 and a lower linkage post 60 
1107 drives the Second embodiment 1000 of the lower arm 
member in the counterclockwise direction (as illustrated in 
FIG. 3). Thus, the upper and lower arm assemblies collapse 
on each other and the screen 12 rotates about location 20 so 
that the screen remains Substantially parallel to its original 65 
orientation while still being moved backward away from the 
original Screen position. 

32 
To facilitate the above described advantageous movement, 

arm assembly 1000 includes a rigid arm member 1100, inter 
mediate linkage 1101, a lower collar member 1103, an upper 
collar member 1105, a lower linkage post 1107, a yolk sub 
assembly 1109, a first transfer block 1111, a second transfer 
block 1113 and a bushing 1104. Arm member 1100, in at least 
Some embodiments, has a generally tubular appearance. In at 
least some embodiments member 1100 is an integrally 
formed member having a proximal or first end 1106 and a 
distal or second end 1108. Between the first and second ends 
1106 and 1108, respectively, arm member 1100 generally has 
three sections including first and second curved sections 1110 
and 1112 that are disposed at the first and second ends 1106 
and 1108, respectively, and a substantially straight central 
section 1114 between the first and second curved sections 
1110 and 1112, respectively. As illustrated, each of the curved 
sections 1110 and 1112 curves essentially the same amount 
but in opposite directions such that oppositely facing ends of 
the first and second curved sections (i.e., the ends of arm 
member 1100) extend along substantially parallel but off-axis 
trajectories. 

Referring still to FIGS. 29-31, a central portion of arm 
member 1100 including straight section 1114 and adjacent 
portions of curved sections 1110 and 1112 form a cavity 1148 
that extends Substantially along the entire length of arm mem 
ber 1100. In the illustrated embodiment, an opening 1150 is 
formed into one side (e.g., a lower side) of cavity 1148 along 
the entire length of cavity 1148 and slots are formed along the 
length of opening 1150 in oppositely facing edges thereof. 
Three of the slots are collectively identified by numeral 1152 
(oppositely facing slots that face illustrated slots 1152 not 
illustrated). Proximate ends 1106 and 1108 the cavity opens 
axially as illustrated. 

Referring to FIG. 30, proximate first end 1106 and inside 
cavity 1148, arm member 1100 forms two mounting surfaces 
1115 and 1117 that face out opening 1150. Threaded aper 
tures 1119 are formed in each of the mounting surfaces 1115 
and 1117. Similarly, at distal second end 1108 and inside 
cavity 1148, arm member 1100 forms two mounting surfaces 
(only one illustrated and labeled 1121) that face out opening 
1150. Threaded apertures 1125 are formed in each of the 
mounting Surfaces (e.g., 1121). 

Referring to FIGS. 29 through 31, lower collar member 
1103 includes a substantially cylindrical and rigid member 
that includes first and second ends 1131 and 1133, an external 
surface 1135 and an internal surface 1137 that forms a collar 
passage 1139. At first end 1131, collar member 1103 forms a 
recessed edge such that a shelf 1142 is formed so that an end 
extension or post akin to intermediate post 124 in FIG. 8 is 
formed. A wedge or pie shaped key 1130 that is akin to key 
130 (see again FIGS. 8 and 9) and that serves a similar 
purpose extends outward from post 1142. At the second end 
1133, collar member 1103 forms a plurality of screw holes 
collectively identified by numeral 1145 that are juxtaposed so 
that they align with threaded apertures 1119 when the collar 
member 1103 is received within cavity 1148 proximate first 
end 1106. Collar member 1103 is dimensioned so that it is 
fittedly receivable within cavity 1148 at first end 1106. When 
screw holes 1145 are aligned with apertures 1119, first end 
1131 extends from cavity 1148 and forms an extension or post 
that is akin to post 116 described above and illustrated best in 
FIG 8. 
Upper collar member 1105 includes a substantially cylin 

drical and rigid member that includes first and second ends 
1151 and 1153, an external surface 1155 and an internal 
surface 1157 that forms a collar passage 1159. Intermediate 
first and second ends 1151 and 1153 collar member 1105 
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forms a plurality of screw holes collectively identified by 
numeral 1165 that are arranged so that they align with the 
threaded apertures 1123 when collar 1105 is received within 
cavity 1148 at the second end 1108. Collar member 1105 is 
dimensioned so that it is matingly receivable within cavity 
1148 at second end 1108. When screw holes 1165 are aligned 
with apertures 1123, the second end 1153 is substantially 
flush with the adjacent end 1108 of lower arm member 1100. 

Lowerlinkage post 1107 is an elongated rigid post member 
that extends between first and second ends 1167 and 1169. 
Post 1107 is radially dimensioned to be receivable within 
passage 1139 and has a length dimension such that, when 
positioned within passage 1139 with collar member 1103 
about midway along the length of post 1107, first and second 
post ends 1167 and 1169 extend out opposite ends of collar 
member 1103. At the first end 1167, the extending end of post 
1107 forms a base member 1171 that is similar to the base 
member 124 described above with respect to FIG. 8. Here, 
however, as described in greater detail hereafter, base mem 
ber 1171 (and post 1107 as a whole) is rotatable about an axis 
that is formed by passage 1139. At second end 1169, post 
1107 includes two spaced apart and parallel axial extensions 
1173 and 1175 that extend from end 1169 along a direction 
that is parallel to the length dimension of member 1107 and 
that form a gap 1177 there between. Extension 1173 forms a 
pin hole (not labeled) proximate a distal end and extension 
1175 forms another pinhole (not labeled) proximate a distal 
end where the pin holes are aligned along an axis that is 
perpendicular to the length of post 1107. Hereafter, unless 
indicated otherwise, the combined extensions 1173 and 1175 
at second end 1169 will be referred to as a first shoulder 
linkage 1183. 

Yolk subassembly 1109 has several features that are similar 
to the features of yolk subassembly 182 described above with 
respect to FIGS. 12 and 13 and therefore, in the interest of 
simplifying this explanation, similar features that operate in a 
similar fashion will not be described again here in detail. 
Here, the primary differences between subassemblies 1109 
and 182 relate to the structure that is used to link subassembly 
1109 for pivotal motion at the upper end 1108 of arm member 
1100. To this end, subassembly 1109 includes a yolk member 
1191, an upper linkage post 1189, a bolt member 1188, two 
end washers 1182 and 1188, a central washer 1180, an annu 
lar spacer 1178, a pivot block 1176 and first, second and third 
annular roller races 1160, 1162 and 1164, respectively. Yolk 
member 1191 is akin to yolk member 198 (see again FIG. 13) 
except that member 1191 forms a keyed cavity 1193 that 
opens downward. 

Linkage post 1189 is generally an elongated member that 
extends between first and second ends 1194 and 1196, respec 
tively. Post 1189 is radially dimensioned to be receivable 
within the passageway 1159 formed by collar 1105. Post 
1189 has a length dimension such that, when yolk member 
1191 is adjacent collar member 1105 with passageway 1159 
aligned with cavity 1192 and when post 1189 is received 
within passageway 1159, first end 1194 extends out the end of 
collar 1105 opposite yolk member 1191 and second end 1196 
extends into cavity 1193. At first end 1194 linkage post 1189 
forms a second shoulder linkage 1185 that is similar to first 
shoulder linkage 1183 in configuration and operation. 
Because of the similarity and in the interest of simplifying this 
explanation, linkage 1185 is not described here in detail: At 
second end, post 1189 forms an axial threaded opening 1201 
that extends partially along the length dimension of post 
1189. 

Referring still to FIG. 30, bolt member 1188 is an elon 
gated bolt having a head end and a threaded shaft end that is 
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dimensioned to be received in threaded opening 1201. Spacer 
1178, as the label implies, is essentially a thick annular 
washer type member that forms a central axial hole. Pivot 
block 1176 is a block type member that includes a defining 
external surface 1206 that has a shape that mirrors the keyed 
cavity 1153 formed by yolk member 1191. In a top end, block 
1176 forms an annular cavity 1208 sized to receive washers 
1182 and 1180, bearing race 1160 and spacer 1178. A hole 
1210 opens from cavity 1208 through an undersurface of 
block 1176. Hole 1210 is dimensioned to pass post 1189. 
To assemble yolk subassembly, race 1160, washer 1180, 

spacer 1178 and washer 1182 are positioned within cavity 
1208. Second end 1196 of post 1189 is aligned with and slid 
through washer 1188, race 1164 and collar passage 1156 so 
that second end 1196 extends from collar end 1105. Next, 
race 1162 is aligned with and slid onto second end 1196 and 
the combination of block 1176, race 1160, washer 180 and 
1182 and spacer 1178 are aligned with and slid onto second 
end 1196. At this point the surface of washer 1182 facing 
spacer 1178 is immediately adjacent second end 1196 of post 
1189 and bolt 1188 is aligned with and threadably received in 
hole 1201. Continuing, cavity 1193 is aligned with the keyed 
external surface of block 1176 and slid thereover. Although 
not illustrated, in at least Some cases a locking/retaining 
device (e.g., one or more screws, etc.) may be provided to 
secure member 1191 only block 1176. In at least some 
embodiments the races will include a slip bearing feature that 
operates on friction such that as block 1176 rotates, post 1189 
only rotates by half the amount. Thus, for instance, in at least 
some cases, when bock 1176 rotates completely once, the 
post 1176 will only rotate through 180 degrees. 

Intermediate linkage 1101 includes an elongated and rela 
tively thin rigid rod type member that extends between first 
and second oppositely extending ends 1220 and 1222, respec 
tively. At the first end 1220, linkage 1101 forms a third shoul 
der linkage 1224. Similarly, at second end 1222, linkage 1101 
forms a fourth shoulder linkage 1226. Linkages 1224 and 
1226 are similar to first linkage 1183 in configuration and 
operation and, because of the similarity and in the interest of 
simplifying this explanation, linkages 1224 and 1226 are not 
described here in detail. 

Each of transfer blocks 1111 and 1113 have similar con 
structions and operate in a similar fashion and therefore, in 
the interest of simplifying this explanation, only block 1111 
will be described here in detail. As the label implies, block 
1111 is a rigid and substantially cubic block member that 
includes six sides that form a cube. Four cavities are formed 
in block 1111 including a pair of cavities formed in a first pair 
of opposite sides and a second pairformed in a second pair of 
opposite sides. 
To assemble lower arm 1100, the yolk subassembly 1109 is 

assembled as described above. Next, first transfer block 1111 
is positioned in the gap formed between the two axial exten 
sions 1173 and 1175 that form first shoulder linkage 1183 
with the pinholes formed in extension 1173 and 1175 aligned 
with one pair of the cavities formed by block 1111. A first pin 
(not labeled) is slid through one of the pinholes so that a distal 
end is received in the aligned cavity and the first pin is secured 
in the hole so that the pin cannot fall out. Similarly, a second 
pin (not labeled) is slid through the other aligned pinhole so 
that a distal end is received in the aligned cavity and the 
second pin is secured in hole 1181 so that the pin cannot fall 
out. At this point it should be appreciated that transfer block 
1111 is mounted to intermediate linkage 1101 and can rotate 
about a pivot axis formed by the aligned pinholes. 

Second transfer block 1113 is mounted to the second 
shoulder linkage 1185 in a fashion similar to that describe 
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above with respect to first should linkage 1183. Next, first 
transfer block 1111 is mounted to third shoulder linkage 1224 
and second transfer block 113 is mounted to the fourth shoul 
der linkage 1226 in a fashion similar to that describe above 
with respect to the first shoulder linkage, albeit via the second 
cavity pairs formed by the blocks 1111 and 1113. 
A plurality of screws 1230 are used to secure collar 1103 in 

cavity 1148 at first end 1106 of arm 1100 so that the end of 
collar member 1103 and the end of lower linkage post 1107 
opposite intermediate linkage 1101 extend from first end 
1106 of member 1100. Similarly, a plurality of screws 1232 
are used to secure collar 1105 in cavity 1148 at second end 
1108 of arm 1100 So that the end of collar member 1105 
opposite intermediate linkage 1101 is substantially flush with 
the adjacent end surface of member 1100. 

Here, when the distal end of post 1107 is received in the 
supporting structure, a lateral surface of base member 1171 
frictionally contacts a facing surface (e.g., see 49 in FIGS. 9 
and 10) of the supporting structure. Here, the friction fit is 
sufficient to restrain rotation of base member 1171 in the 
support structure but not to stop the rotation. A bolt (not 
illustrated) akin to bolt 624 in FIG. 10 may be used to secure 
arm assembly 1000 to the supporting structure. 

Referring again to FIGS. 29-31, once arm assembly 1000 is 
assembled, intermediate linkage 1101 rotates about a rotation 
axis 1227 that is angled with respect to the rotation axis 1229 
and 1231 associated with the linkage posts 1107 and 1189 
where axis 1229 and 1231 are misaligned and substantially 
parallel. 

In operation, referring still to FIGS. 29-31 and also to 1, 2 
and 23, as described above, as the yolk member 1191 is 
rotated during screen movement, the rotation is translated 
along intermediate linkage 1101 to lower linkage post 1107 
and base member 1171 which frictionally engages the sur 
rounding Supporting structure. As force is applied to base 
member 1171, the friction fit between the base member 1171 
and the Surrounding Support structure tends to restrain move 
ment of the base member 1171 and therefore much of the 
applied force is transferred through the lower collar member 
1103 to the arm member 1100 which causes the arm member 
1100 to rotate. Thus, the advantageous assembly collapsing 
activity described above occurs. 

While the invention may be susceptible to various modifi 
cations and alternative forms, specific embodiments have 
been shown by way of example in the drawings and have been 
described in detail herein. However, it should be understood 
that the invention is not intended to be limited to the particular 
forms disclosed. For example, while the assembly 10 above is 
described as, in at least one embodiment, including a base 
Subassembly, a lower arm Subassembly, an upper arm Subas 
sembly and pan/tilt Subassembly, there are various aspects of 
at least some of the subassemblies that are considered inven 
tive in and of themselves and, in those cases, the other Sub 
assemblies may be optional. For example, the concept of 
providing a four bar link upper arm Subassembly where lat 
eral sides therefore are open is considered novel in and of 
itself. Similarly, the frustro-conical and ribbed bushings are 
considered novel in the Support arm assembly application. 

In addition, while upper arm subassembly 18 is described 
above as including first and second cover members 190 and 
192, in at least some embodiments it is contemplated that the 
cover members may not be provided such that the space 
between upper and lower link members 184 and 186 is open. 
Similarly, in other embodiment, one of the cover members 
190 or 192 may be relatively more permanently attached in its 
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space enclosing position while the other cover member is 
easily removably for gaining access to the space between 
links 184 and 816. 

Moreover, while upper arm subassembly 18 is described 
above as including a force adjusting mechanism, in at least 
Some cases there may be no force adjusting mechanism. In 
Some case lower arm Subassembly 16 may not form an inter 
nal channel 148 and instead, retaining members similar to 
members 194 (see again FIG. 5) may be provided that attach 
to subassembly 16 for holding cables/wires adjacent thereto. 

In addition, while the bushing described above include 
deformable ribs on an external surface thereof that extend 
along the length of the bushing, in at least Some embodiments 
it is contemplated that the ribs may be formed on the internal 
surface of the bushing or both the internal and external sur 
faces of the bushing. Similarly, instead of providing axially 
extending ribs, in at least Some cases annular ribs may be 
provided that extend around the circumference of the of the 
bushing. 

Moreover, while the second lower arm assembly that is 
describe with respect to FIGS. 29-31 includes a relatively 
complex linkage assembly and a complimentary modified 
yolk assembly 1191 that has features that are only useful 
when a lower arm assembly is employed, in at least some 
cases it is contemplated that other support structure may be 
provided that could be used with the modified yolk assembly 
where a lower arm assembly is not required. For instance, see 
the supporting structures shown in FIGS. 26-28 as examples 
of other types of Supporting structures. 

Thus, the invention is to cover all modifications, equiva 
lents, and alternatives falling within the spirit and scope of the 
invention as defined by the following appended claims. 
To apprise the public of the scope of this invention, the 

following claims are made: 
What is claimed is: 
1. An assembly for Supporting a device for movement 

between several positions, the assembly comprising: 
a first four-bar Subassembly including proximate and distal 

ends; 
a pan-tilt Subassembly including first and second end mem 

bers at proximate and distal ends and first and second 
link members that pivot about substantially parallel axis 
at the first and second end members, respectively, the 
distal end of the first four-bar subassembly linked to the 
proximate end of the pan-tilt subassembly for rotation 
about an additional axis that is Substantially perpendicu 
lar to the parallel axis, the distal end of the pan-tilt 
subassembly linked to the device; 

a base and a third arm subassembly between the base and 
the device, the third arm subassembly linked between 
the base and the first four-bar sub-assembly: 

wherein the third arm subassembly includes first and sec 
ond curved sections and a Substantially straight section 
between the first and second curved sections and 
wherein oppositely facing ends of the first and second 
curved sections extend along Substantially parallel first 
and second trajectories. 

2. The apparatus of claim 1 wherein an elongated member 
extends generally along an axis that forms first and second 
angles with each of the first and second trajectories, respec 
tively, where each of the first and second angles is between 5 
and 30 degrees. 

3. The apparatus of claim 2 wherein the elongated member 
is tubular. 

4. The apparatus of claim 1 wherein the first ends of the first 
and second link members are mounted closer together than 
the second ends of the first and second link members. 
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5. The apparatus of claim 1 wherein the first four-bar sub 
assembly includes proximate and distal ends, each of the base 
and the distal end of the third arm subassembly form couplers 
of a first construction and each of the proximate end of the 
first four-bar subassembly and the proximate end of the third 
arm Subassembly form a coupler of a second construction, 
each of the second construction couplers configured to couple 
with either of the first construction couplers. 

6. The apparatus of claim 1 wherein the device is a flat 
panel display. 

7. An assembly for Supporting a device for movement 
between several positions, the assembly comprising: 

a first four-bar Subassembly including proximate and distal 
ends; 

apan-tilt Subassembly including first and second end mem 
bers at proximate and distal ends and first and second 
link members that pivot about substantially parallel axis 
at the first and second end members, respectively, the 
distal end of the first four-bar subassembly linked to the 
proximate end of the pan-tilt subassembly for rotation 
about an additional axis that is Substantially perpendicu 
lar to the parallel axis; 

wherein the first four-bar subassembly includes proximate 
and distal ends, each of the base and the distal end of the 
second arm Subassembly form couplers of a first con 
struction and each of the proximate end of the first four 
bar subassembly and the proximate end of the second 
arm Subassembly form a coupler of a second construc 
tion, each of the second construction couplers config 
ured to couple with either of the first construction cou 
plers; and 

wherein each of the couplers of the first construction forms 
one of a cavity and a post and each of the couplers of the 
second construction forms the other of a cavity and a 
post and wherein the posts are dimensioned to be receiv 
able within the cavities to facilitate rotation about com 
mon cup-post axis. 

8. A variably configurable kit assembly for adjustably sup 
porting a device, the assembly comprising: 

a base forming a first coupler of a first construction; 
an arm assembly linking the base to the device, the arm 

assembly comprising: 
a first arm Subassembly including proximate and distal 

ends and forming a first coupler of a second construction 
at the proximate end and a second coupler of the first 
construction at the distal end; and 

a second arm Subassembly including proximate and distal 
ends and forming a second coupler of the second con 
struction at the proximate end and Supporting the device 
at the distal end, wherein the second arm subassembly 
includes at least one four-bar subassembly: 

wherein, each of the second construction couplers is con 
figured to be couplable to either of the first construction 
couplers. 

9. The assembly of claim 8 wherein each of the first con 
struction couplers forms one of a cup and a post and each of 
the second construction couplers forms the other of a cup and 
a post and wherein the posts are dimensioned to be receivable 
within the cups to facilitate rotation about an axis common to 
the coupled post and cup. 

10. The assembly of claim 9 wherein each of the first 
construction of couplers forms a cup that narrows from an 
upper end to a lower end and each of the second construction 
couplers forms a post that narrows from an upper end to a 
lower end. 
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11. The assembly of claim 10 further including a frusto 

conical bushing between each pair of adjacent first and sec 
ond couplers. 

12. The assembly of claim 8 wherein the arm assembly can 
be configured with the proximate ends of the first arm subas 
sembly and the secondarm Subassembly coupled to the base 
and the distal end of the first arm subassembly, respectively 
and wherein the arm assembly can be configured with the 
proximate end of the secondarm Subassembly coupled to the 
base. 

13. The assembly of claim 8 further including a device 
mount Subassembly including proximal and distal ends, the 
mount Subassembly forming a first coupler of a third con 
struction at the distal end, the secondarm Subassembly form 
ing a first coupler of a fourth construction configured to be 
couplable to a coupler of the third construction. 

14. The assembly of claim 13 further including a third arm 
Subassembly including proximate and distal ends and form 
ing a third coupler of the second construction at the proximate 
end and a second coupler of the fourth construction. 

15. The assembly of claim 14 wherein each of the second 
and the third arm Subassemblies has a length dimension and 
wherein the length dimension of the secondarm Subassembly 
is greater than the length dimension of the third arm Subas 
sembly. 

16. A variably configurable kit assembly for adjustably 
Supporting a device, the assembly comprising: 

a base forming a first coupler of a first construction; 
an arm assembly linking the base to the device, the arm 

assembly comprising: 
a first arm Subassembly including proximate and distal 

ends and forming a first coupler of a second construction 
at the proximate end and a second coupler of the first 
construction at the distal end; and 

a second arm Subassembly including proximate and distal 
ends and forming a second coupler of the second con 
struction at the proximate end and Supporting the device 
at the distal end; 

wherein, each of the second construction couplers is con 
figured to be couplable to either of the first construction 
couplers; 

wherein the base includes a first base for mounting a work 
surface and wherein the assembly further includes at 
least a second base for mounting to a vertical Surface 
wherein the second base forms an additional coupler of 
the first base configured to optionally receive any of the 
couplers of the first base. 

17. The assembly of claim 16 wherein the second base 
coupler includes a clip for mounting the second base to a slat 
wall. 

18. The assembly of claim 17 wherein the first arm subas 
sembly includes a four-bar mechanism and the second arm 
subassembly includes a fixed member. 

19. An arm assembly for adjustably supporting a flat panel 
display, the assembly comprising: 

a first arm member including proximate and distalends and 
including a surface that forms one of an open ended 
frusto-conical cavity and a frusto-conical post at the 
distal end; 

a second arm member including proximate and distal ends 
and including a surface that forms the other of the open 
ended frusto-conical cavity and the frusto-conical post 
at the proximal end, the display Supported by the distal 
end of the second arm member, and 
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wherein the frusto-conical post is at least partially received 
within the open ended frusto-conical cavity with the post 
forming Surface facing the cavity facing Surface and for 
rotation about an axis; 

a bushing having internal and external Surfaces where the 
internal Surface defines a frusto-conical shape that is 
Substantially similar to the shape of the Surface forming 
the post and the external Surface defines a frusto-conical 
shape that is substantially similar to the shape of the 
Surface forming the cavity, the bushing positioned 
between the surfaces that form the post and cavity, and 

wherein at least one of the internal surface, the external 
Surface and one of the Surfaces that forms the cavity and 
that forms the post includes at least one malleable and 
deformable rib. 

20. The assembly of claim 19 wherein the internal surface 
of the bushing is generally a mirror image of the external 
Surface of the bushing. 

21. The assembly of claim 19 wherein the bushing further 
includes at least one malleable and deformable rib that 
extends from at least one of the internal and external Surfaces. 

22. The assembly of claim 21 wherein the bushing includes 
a plurality of malleable and deformable ribs that extend from 
at least one of the internal and external Surfaces. 

23. The assembly of claim 22 wherein the ribs extend from 
the external surface. 

24. The assembly of claim 19 wherein the bushing is 
formed of plastic. 

25. The assembly of claim 19 wherein the first arm member 
forms the cavity at the distal end. 

26. The assembly of claim 19 wherein the cavity and the 
post area first cavity and a first post, the first arm member also 
including a surface that forms one of a second open ended 
frusto-conical cavity and a second frusto-conical post at the 
proximate end, the assembly further including a base member 
that forms the other of a second open ended frusto-conical 
cavity and a second frusto-conical post at the proximate end 
and a second bushing having internal and external Surfaces 
where the internal surface defines a frusto-conical shape that 
is substantially similar to the shape of the surface forming the 
second post and the external Surface defines a frusto-conical 
shape that is substantially similar to the shape of the surface 
forming the second cavity wherein, the second post is at least 
partially receivable within the second cavity with the second 
bushing between the Surfaces that form the second post and 
second cavity and for rotation about an axis. 

27. An arm assembly for adjustably supporting a flat panel 
display, the assembly comprising: 

a first arm member including proximate and distal ends and 
including a surface that forms one of an open ended 
frusto-conical cavity and a frusto-conical post at the 
distal end; 

a second arm member including proximate and distal ends 
and including a surface that forms the other of the open 
ended frusto-conical cavity and the frusto-conical post 
at the proximal end, the display Supported by the distal 
end of the second arm member, and 

wherein the frusto-conical post is at least partially received 
within the open ended frusto-conical cavity with the post 
forming Surface facing the cavity facing Surface and for 
rotation about an axis; 

a bushing having internal and external Surfaces where the 
internal Surface defines a frusto-conical shape that is 
Substantially similar to the shape of the Surface forming 
the post and the external Surface defines a frusto-conical 
shape that is substantially similar to the shape of the 
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Surface forming the cavity, the bushing positioned 
between the surfaces that form the post and cavity; and 

wherein an aperture is formed in a base of the cavity and a 
threaded opening is formed in an end of the post and 
further including a bolt that extends through the aperture 
and that is received in the threaded opening to maintain 
the bushing under a compressive force between the Sur 
faces that form the cavity and the post. 

28. The assembly of claim 27 wherein the external surface 
of the bushing further includes at least one malleable and 
deformable extending member that deforms when com 
pressed between the surfaces that form the post and the cavity. 

29. A tilt apparatus for adjustably mounting a flat panel 
display to a Support member, the apparatus comprising: 

a rigid mount member coupled to the flat panel display; 
first and second link members, each link member including 

first and second ends, the first ends of the link members 
coupled to the support member for pivotal motion about 
substantially parallel first and second axis where the first 
and second axis are separated by a first dimension, the 
second ends of the link members coupled to the rigid 
mount member for pivotal motion about substantially 
parallel third and fourth axis where the third and fourth 
axis are separated by a second dimension that is different 
than the first dimension; 

wherein the first, second, third and fourth axis are substan 
tially horizontal, the Support member forms a collar and 
wherein the first and second link members are coupled to 
the collar by a coupling including at least one post mem 
ber that extends into the collar where the post is rotatable 
about a substantially vertical axis formed by the collar. 

30. The apparatus of claim 29 wherein the second dimen 
sion is less than the first dimension. 

31. The apparatus of claim 29 wherein the mount member 
is coupled to a rear Surface of the display. 

32. The apparatus of claim 29 wherein each of the first and 
second link members includes a generally V-shaped member. 

33. The apparatus of claim 32 wherein the first and second 
ends of each of the link members are at the distal ends of the 
V-shaped members and each V-shaped member is a rigid 
member. 

34. The apparatus of claim 29 wherein the rigid mount 
member is coupled to a rear Surface of the display device and 
the first and second link members are configured to facilitate 
display rotation about a Substantially horizontal axis that 
resides on a side of the rear Surface opposite the link mem 
bers. 

35. The apparatus of claim 34 wherein the tilt assembly 
includes rigid mount member coupled to the rear Surface of 
the display and at least a first member including first and 
second ends, the first end of the link member coupled to the 
distal end of the support arm for pivotal motion about a first 
axis, the second end of the link member coupled to the mount 
member for pivotal motion about a second axis. 

36. A four-bar assembly for use in a support arm for adjust 
ably Supporting a device, the assembly comprising: 

first and second end members; 
a first link member, the first link member including a sub 

stantially flat elongated rigid member having first and 
second lateral edges and first and second ends that are 
coupled to the first and second end members, respec 
tively; 

a second link member, the second link member including a 
Substantially flat elongated rigid member having first 
and second lateral edges and first and second ends that 
are coupled to the first and second end members, respec 
tively, so as to be substantially parallel to the first link 
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member with the first lateral edge of the second link 
member facing in the same direction as the first lateral 
edge of the first link member; 

wherein, a space between the first and second link mem 
bers is open between the first lateral edges of the first and 
second link members and between the second lateral 
edges of the first and second link members; and 

first and second cover members that are removably coupled 
to at least one of the end members so as to block the 
space between the first edges and to block the space 
between the second edges, respectively. 

37. The assembly of claim 36 wherein each of the covers is 
removably coupled to each of the end members. 

38. The assembly of claim 36 wherein each of the first and 
second end members includes a generally C-shaped member 
including first and second distal ends, the first ends of the first 
and second link members linked to the first ends of the end 
members and the second ends of the first and second link 
members linked to the second ends of the end members. 

39. The assembly of claim 38 further including at least a 
first cover member removably coupled to at least one of the 
first and second end members, the cover member including a 
rectilinear portion and integral semi-circular portions at 
opposite ends of the rectilinear portion. 

40. The apparatus of claim 39 wherein each of the end 
members includes an extension member that extends between 
and generally in the same direction as the distal ends of the 
end member and wherein the cover member is coupled to the 
extension members at coupling points. 

41. The apparatus of claim 40 wherein a coupling point 
with the first end member extension member is generally 
midway between the distal ends of the first end member and 
the coupling point with the second end member extension 
member is generally midway between the distal ends of the 
second end member. 

42. The assembly of claim 36 wherein the first link member 
is an upper link member, the assembly further including a 
spring mechanism including first and second ends wherein 
the first end is coupled to the first end member and the second 
end is coupled to the upper link member. 

43. The assembly of claim 42 wherein the spring mecha 
nism is a gas spring. 

44. The assembly of claim 42 wherein an adjusting mecha 
nism is provided at one of the first and second ends of the 
spring mechanism for adjusting the force applied by the 
spring mechanism to the upper link member. 

42 
45. The assembly of claim 36 further including at least one 

retaining member mounted to an external Surface of at least 
one of the first and second link members for retaining wires 
adjacent the external Surface. 

5 46. A tilt apparatus for adjustably mounting a flat panel 
display to a Support member, the apparatus comprising: 

a rigid mount member coupled to the flat panel display; and 
first and second link members, each link member including 

first and second ends, the first ends of the link members 
coupled to the support member for pivotal motion about 
substantially parallel first and second axis where the first 
and second axis are separated by a first dimension, the 
second ends of the link members coupled to the rigid 
mount member for pivotal motion about substantially 
parallel third and fourth axis where the third and fourth 

15 axis are separated by a second dimension that is different 
than the first dimension; 

wherein the first and second axis are misaligned and 
wherein the third and fourth axis are misaligned. 

47. A tilt apparatus for adjustably mounting a flat panel 
20 display to a Support member, the apparatus comprising: 

a rigid mount member coupled to the flat panel display; and 
first and second link members, each link member including 

first and second ends, the first ends of the link members 
coupled to the support member for pivotal motion about 

25 substantially parallel first and second axis where the first 
and second axis are separated by a first dimension, the 
second ends of the link members coupled to the rigid 
mount member for pivotal motion about substantially 
parallel third and fourth axis where the third and fourth 
axis are separated by a second dimension that is different 
than the first dimension; 

wherein the second dimension is permanent and is set by 
the rigid mount member. 

48. The apparatus of claim 47 wherein the first and second 
axis are Substantially horizontal. 

49. The apparatus of claim 47 wherein each of the first and 
second link members includes a Substantially V-shaped and 
rigid member and wherein the first end of each of the link 
members is located at a first distal end of the V-shaped mem 
ber and the second end of each of the link members is located 
at a second distal end of the V-shaped member. 

50. The apparatus of claim 47 wherein the rigid mount 
member is a single integral member and wherein the first and 
second link members are directly connected to the rigid 
mount member. 

51. The apparatus of claim 50 wherein each of the link 
members is a rigid member. 
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